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CHANGES  IN  BRAIN  AMINE  CONCENTRATIONS  ASSOCIATED 
WITH  POSTEMBRYONIC  DEVELOPMENT  IN  THE  SOLPUGID, 
EREMOBATES  PALPISETULOSUS  FIGHTER 
(SOLPUGIDA:  EREMOBATIDAE) 

Fred  Puiko:  Department  of  Biology,  University  of  Tampa;  Tampa,  Rorida  33606  USA 


ABSTRACT.  Experiments  were  conducted  to  study  changes  in  brain  amine  concentrations  during  postern- 
bryonic  development  in  the  solpugid,  Eremobates  palpisetulosus . Data  presented  here  indicate  that 
5 -hydroxy tryptamine  (5-HT)  and  dopamine  (DA)  levels  increase  during  development  whereas  N-acetyldopamine 
(NADA)  levels  were  found  to  decrease.  5-HT  levels  showed  a significant  increase  between  the  first  and  second 
nymphal  instars  whereas  DA  increased  significantly  after  the  second  nymphal  instar  stage.  Octopamine  levels 
did  not  change  as  a function  of  development  in  this  solpugid.  These  represent  the  first  data  available  on  changes 
in  brain  amines  as  a function  of  development  for  any  arachnid.  It  is  suggested  that  such  neurochemical  changes 
may  play  a role  in  the  regulation  of  shifts  in  behavior  associated  with  specific  developmental  stages. 


One  of  the  most  intriguing  questions  in  neu- 
roscience pertains  to  the  relationship  between 
brain  chemistry  and  behavior  (see  reviews  by 
Hokfelt  et  al  1984;  Punzo  1985;  Black  et  al. 
1987).  Most  of  the  research  on  invertebrates  has 
focused  on  arthropods.  Changes  in  neurochem- 
istry have  been  associated  with  a wide  variety  of 
specific  behaviors  in  this  taxonomic  group.  For 
example,  significant  increases  in  brain  RNA  and 
protein  synthesis  were  found  to  accompany 
avoidance  learning  in  theraphosid  spiders  (Pun- 
zo 1988),  decapod  crustaceans  (Punzo  1983)  and 
several  insects  (Goldsmith  et  al.  1978;  Punzo 
1980;  Lin  & Roelofs  1992).  Inhibition  of  brain 
protein  synthesis  was  found  to  impair  learning 
and  memory  in  insects  (Brown  & Noble  1967; 
Jaffe  1980;  Punzo  1980)  as  well  as  innate  pho- 
totactic behavior  in  tenebrionid  and  passalid 
beetles  (Punzo  & Jellies  1980).  Biogenic  amines 
(catecholamines  and  indolamines)  have  been  im- 
plicated in  a variety  of  ontogenetic  behavioral 
changes  in  honeybee  workers  including  shifts  in 
discrimination  between  olfactory  cues  (Macmil- 
lan & Mercer  1987)  and  the  onset  of  guarding 
behavior  (Moore  et  al.  1987).  Brain  dopamine 
(DA)  levels  were  significantly  higher  in  forager 
honeybees  than  in  nurses  or  food  storers  (Mercer 
et  al.  1983)  suggesting  an  age-dependent  shift  in 
brain  amine  concentrations.  Changes  in  brain 
catecholamine  levels  have  also  been  associated 
with  learning  and  memory  in  insects  (Mercer  & 
Menzel  1982;  Bicker  & Menzel,  1989). 


Although  studies  have  been  conducted  on  the 
identification  of  biogenic  amines  in  the  brain  of 
a few  spider  species  (Meyer  & Jehnen  1980;  Mey- 
er et  al.  1984),  no  attempt  has  been  made  to 
correlate  such  neurochemical  changes  with  mor- 
phological or  behavioral  changes  associated  with 
development.  Until  recently,  no  data  were  avail- 
able on  the  neurochemistry  of  Solpugida  (Punzo, 
in  press).  Solpugids  do  exhibit  well-defined  on- 
togenetic shifts  in  behavior  (Lawrence  1947; 
Cloudsley-Thompson  1977).  Newly  hatched  post- 
embryos are  gregarious,  do  not  feed  and  are  es- 
sentially immobile.  First-instar  nymphs  resem- 
ble adults  in  general  appearance  and  increase  their 
locomotor  activity.  During  the  second  nymphal 
instar,  solpugids  begin  to  hunt,  feed,  burrow,  and 
they  become  increasingly  agonistic  toward  con- 
specifics.  In  the  present  study,  I have  identified 
changes  in  brain  amine  levels  which  accompany 
postembryonic  development  in  the  solpugid,  Er- 
emobates palpisetulosus  Fichter.  This  represents 
the  first  analysis  of  ontogenetic  changes  in  brain 
amines  for  any  arachnid.  This  type  of  informa- 
tion is  essential  if  we  are  to  fully  understand  the 
functional  significance  of  differences  in  brain 
chemistry  and  the  role  (if  any)  of  biogenic  amines 
in  the  onset  of  behavioral  responses  associated 
with  specific  developmental  stages. 

METHODS 

Subjects,— Solpugids  used  in  this  study  were 
obtained  as  hatchlings  from  eggs  deposited  in  the 
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laboratory  by  gravid  females  collected  within  a 
3 km  radius  of  Terlingua,  Texas  (Brewster  Coun- 
ty) during  June-July,  1990.  Gravid  females  were 
housed  individually  in  plastic  containers  (30  x 
15  X 10  cm)  and  fed  on  a diet  of  mealworm 
larvae,  crickets  and  grasshoppers  as  described  by 
Punzo  (in  press).  Each  container  was  provided 
with  a sandy  substrate  which  allowed  females  to 
excavate  burrows.  Following  oviposition,  eggs 
were  removed  and  transferred  to  glass  bowls  and 
maintained  at  28  and  72%  relative  humidity 
until  hatching  occurred.  Individual  solpugids  were 
randomly  assigned  to  different  groups  and  al- 
lowed to  mature  to  various  developmental  stages. 
The  developmental  stages  chosen  for  chemical 
analysis  were  based  on  those  described  by  Muma 
(1966)  and  Punzo  (in  press):  post-embryos  (PE, 
hatchlings),  first-instar  nymphs  (Ni,  8 days  after 
hatching),  second-instar  nymphs  (N2,  1 7 days  af- 
ter hatching)  and  adult  females  (A,  92  days  after 
hatching).  All  instars  were  verified  by  direct  ob- 
servations on  molting. 

Experimental  procedure.— Twenty  head  cap- 
sules of  individuals  from  each  developmental 
stage  were  removed  for  analyses.  Brains  were 
dissected  from  the  head  capsules  as  described  by 
Punzo  & Malatesta  (1988).  All  glandular  and  pe- 
ripheral fatty  tissues,  as  well  as  retinal  pigment 
from  the  optic  lobes,  were  carefully  removed  from 
the  surface  of  brain  samples  as  reported  by  Mur- 
dock & Omar  (1981).  Individual  brains  were 
weighed  in  a Sartorius  Model  54C  electronic  an- 
alytical balance. 

Individual  brains  were  tested  for  the  presence 
of  5-hydroxytryptamine  (5-HT,  serotonin),  oc- 
topamine  (OA),  dopamine  (DA)  and  N-acetyl- 
dopamine  (NADA)  using  high  performance  liq- 
uid chromatography  with  electrochemical 
detection  (HPLC-ED,  Beckman  Model  4 7 A)  as 
described  by  Brandes  et  al.  (1990).  To  summa- 
rize, each  brain  sample  was  placed  in  a 500  /A 
glass  vial.  Fifty  ii\  of  200  mM  perchloric  acid 
were  added  and  the  sample  homogenized.  Fol- 
lowing homogenization,  an  additional  50  ^1  of 
perchloric  acid  were  added  to  each  vial.  Samples 
were  then  centrifuged  at  10,000  g for  3 min  in  a 
Sorvall  Model  100 A high  speed  centrifuge. 
Twenty  lA  of  supernatant  were  injected  directly 
into  the  HPLC  column  (40  cm  in  length,  with  a 
02  II  pore  diameter)  packed  with  Hypersil  and 
provided  with  a Hewlett-Packard  760E  detector 
(0.40  V).  The  mobile  phase  (flow  rate,  3000  psi) 
used  to  elute  the  biogenic  amines  consisted  of 
12%  acetonitrile,  20  mM  sodium  acetate,  100 


Table  1.— Concentrations  of  5-hydroxytryptamine 
(5-HT),  octopamine  (OA),  dopamine  (DA)  and  N-ace- 
tyldopamine  (NADA)  in  the  brain  of  Eremobates  pal- 
pisetulosus  at  various  developmental  stages:  post-em- 
bryos (PE),  first-instar  nymphs  (N,)  second-instar 
nymphs  (N2)  and  adult  females  (A).  Values  represent 
means  (±SE),  Values  followed  by  different  letters  are 
significantly  different  {P  < 0.05). 


Mean  concentration  (pmol/mg) 

±(SE) 

Stage 

OA 

5-HT 

DA 

NADA 

PE 

1.9  (0.3)  a 

0.7  (0.2)  a 

8.6  (1 

.3)  a 

6.1 

(1.2)  a 

N, 

2.1  (0.5)  a 

1.1  (0.3)  a 

11.2  (1 

.6)  a 

5.6 

(0.4)  a 

N2 

2.3  (0.5)  a 

2.4  (0.4)  b 

20.1  (2. 

.8)b 

4.8 

(0.5)  a 

A 

2.1  (0.4)  a 

3.1  (0.7)  b 

21.3(2, 

.4)b 

2.2 

(0.3)  b 

mM  sodium  dihydrogen  orthophosphate,  2.5  mM 
octane  sulfonic  acid  and  0.3  mM  EDTA  diso- 
dium salt  adjusted  to  pH  4.2  and  filtered  through 
a 0.45  ium  filter.  Each  sample  was  compared  to 
5-HT  and  DA  standards  tested  at  the  beginning 
of  each  assay  run  and  retested  at  30  min  inter- 
vals. Amine  concentrations  were  expressed  as 
pmol/mg  of  brain  tissue.  The  mean  amine  con- 
centration and  SE  were  calculated  for  each  de- 
velopmental stage.  A one-way  ANOVA  followed 
by  a Scheffe  multiple  comparison  test  (Sokal  & 
Rohlf  1981)  was  used  to  test  for  significant  dif- 
ferences between  groups. 

RESULTS  AND  DISCUSSION 

Concentrations  of  brain  amines  at  various  de- 
velopmental stages  of  E.  palpisetulosus  are  shown 
in  Table  1 . Octopamine  levels  remained  constant 
during  maturation.  Serotonin  (5-HT)  and  DA 
levels  increase  during  postembryonic  develop- 
ment whereas  NADA  levels  were  found  to  de- 
crease. Serotonin  levels  show  a significant  in- 
crease between  nymphal  instars  1 and  2 whereas 
DA  levels  increase  significantly  after  the  N2  stage 
of  development.  NADA  levels  decrease  signifi- 
cantly after  the  N2  stage.  Thus,  lower  DA  and 
5-HT  concentrations  are  associated  with  those 
developmental  stages  characterized  by  low  levels 
of  locomotor  activity  and  the  absence  of  aggres- 
sive behavior.  Agonistic  interactions  between 
siblings  and  other  conspecifics  first  appear  in  sec- 
ond-instar nymphs  (Cloudsley-Thompson  1977; 
pers.  obs.)  which  also  exhibit  significantly  higher 
concentrations  of  brain  5-HT  and  DA.  It  is  also 
during  this  stage  that  solpugids  begin  to  burrow 
and  actively  hunt  for  food.  A previous  study 
showed  that  acetylcholine  (ACh)  and  acetylcho- 
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linesterase  (AChE)  levels  also  increase  between 
the  first  and  second  instars  as  well  as  other  de- 
velopmental stages  in  solpugids  (Punzo,  in  press). 

Changes  in  brain  amine  concentrations  have 
been  found  to  accompany  morphological  and  be- 
havioral changes  in  insects.  In  insects  such  as 
honeybees,  ants  and  flies,  significant  increases  in 
catecholamines  are  associated  with  morpholog- 
ical changes  in  the  trai  sition  from  larval  to  pupal 
stages  (Evans  1980;  Tv  acmillan  & Mercer  1987; 
Brandes  et  al.  1990).  An  increase  in  serotonin 
levels  has  been  found  to  accompany  adult  emer- 
gence in  dipteran  and  social  insects  (Dewhurst 
et  al.  1972;  Brown  & Nestler  1985).  It  is  also 
well  known  that  a reversal  in  geotactic  behavior 
accompanies  the  transition  from  larval  to  adult 
stages  in  many  dipteran  species  and  molecular 
events  have  been  implicated  in  this  reversal 
(Quinn  1984).  Although  octopamine  levels  did 
not  change  significantly  as  a function  of  matu- 
ration in  E.  palpisetulosus,  increases  in  OA  levels 
have  been  reported  for  insects  (Michelson  1988; 
Bicker  & Menzel  1989).  This  amine  has  been 
implicated  in  the  regulaton  of  responsiveness  to 
olfactory  and  visual  stimuli  due  to  the  fact  that 
concentrations  have  been  found  to  increase  in 
the  antennal  and  optic  lobes  of  the  brain  during 
postembryonic  development.  With  respect  to 
arachnids,  Meyer  et  al.  (1984)  have  shown  that 
there  are  differences  in  the  brain  weight/body 
weight  ratios  as  well  as  putative  neurotransmitter 
levels  of  active  wandering  spiders  such  as  salti- 
cids  as  compared  to  araneids  and  theraphosids. 
The  data  from  this  study  suggest  that  solpugids 
also  lend  themselves  to  studies  designed  to  ex- 
plore the  functional  role  of  biogenic  amines  in 
the  regulation  of  behavior.  Results  also  indicate 
that  some  brain  amine  levels  undergo  significant 
changes  during  development  and  may  play  a role 
in  regulating  the  changes  that  occur  in  the  be- 
havioral repertoire  of  this  solpugid  as  develop- 
ment proceeds.  Further  studies  are  needed  to  cor- 
relate these  neurochemical  changes  with  specific 
morphological  changes  occurring  within  the  brain 
during  postembryonic  development.  Future 
studies  should  also  identify  those  specific  brain 
regions  in  which  most  of  these  neurochemical 
events  are  occurring. 
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COMPARISON  OF  PHYSICAL  PROPERTIES  OF  THREE  SILKS 
FROM  NEPHILA  CLA  VIPES  AND  ARANEUS  GEMMOIDES 

Steven  L.  Stauffer S Scott  L.  CoguilF,  and  Randolph  V.  Levris^:  ‘Department  of 

Molecular  Biology^  University  of  Wyoming;  Laramie,  Wyoming  82071-3944  USA; 
and  ^Advanced  Materials  Testing  Inc.,  1231  Howe  Road;  Laramie,  Wyoming  82070 

ABSTRACT.  Orb-web  weaving  spiders  synthesize  and  use  a variety  of  silks,  each  having  different  properties 
suited  to  their  particular  functions.  Three  of  these  silks  were  collected  from  two  different  species  of  spiders  and 
subjected  to  physical/mechanical  testing.  The  major  ampullate  (dragline),  minor  ampullate,  and  cocoon  silks  of 
both  Nephila  clavipes  and  Araneus  gemmoides  were  load  tested  on  an  Instron  Universal  test  frame  to  compare 
their  physical  properties.  The  single  fibers  of  major,  minor,  and  cocoon  silk  of  Nephila  appear  to  be  more  elastic 


than  that  of  Araneus.  Araneus  silks,  on  the  other  hand, 
the  fiber  than  that  of  Nephila. 

Through  millions  of  years  of  evolution,  spiders 
have  been  specializing  their  use  of  silks,  to  the 
point  that  many  are  completely  dependent  on 
the  silks  they  produce  for  survival.  The  orb- web 
weaving  spiders  are  a key  example  of  this.  They 
spin  highly  complex  webs  from  several  different 
types  of  silk,  produce  silk  to  protect  their  eggs, 
and  silk  to  swathe  their  prey  for  storage.  Orb- 
web  spiders  have  at  least  six  sets  of  silk-produc- 
ing glands  (Lucas  1 964;  Koover  1987),  each  syn- 
thesizing a different  fiber  for  use  in  a specific 
application.  Each  fiber  is  composed  almost  en- 
tirely of  protein. 

METHODS 

Preliminary  data  were  gathered  for  densities 
and  fiber  diameters  of  various  silks  before  the 
initial  testing  took  place.  The  densities  of  six 
different  silks:  dragline,  minor  ampullate,  and 
cocoon  silk  for  both  Nephila  clavipes  and  Ara- 
neus gemmoides,  were  calculated  using  a chlo- 
roform/ethyl acetate  gradient.  These  values  along 
with  the  length  and  mass  of  each  silk  were  used 
to  determine  the  average  diameter  of  each  silk. 
The  average  diameter  was  also  determined  by 
use  of  a Bausch  & Lomb  microprojector,  pro- 
jecting the  silk  onto  a digital  measuring  pad  by 
which  at  least  ten  points  along  the  length  of  a 
fiber  were  randomly  chosen  and  measured. 

Single  fibers  of  dragline  and  minor  ampullate 
silk  of  Nephila  clavipes  and  Araneus  gemmoides 
were  hand-drawn  at  a rate  of  10  cm/sec  while 
the  cocoon  fibers  were  teased  from  the  cocoons. 
Fibers  were  then  fixed  to  lengths  of  black  con- 
struction paper  with  plastic  (“Scotch”)  tape  and 
water-based  white  (“Elmer’s”)  glue.  The  strips 
of  black  construction  paper  used  for  the  dragline 


appear  to  be  stronger,  requiring  a higher  stress  to  break 


and  minor  ampullate  silks  contained  a 4.0  cm 
diamond-shaped  aperture  in  the  center  (Fig.  1). 
The  strips  used  for  the  cocoon  silks  contained  a 
2.5  cm  aperture  in  the  center.  Two  pieces  of  clear 
plastic  tape  were  placed  on  each  end  of  the  silk 
width-wise  and  a droplet  of  white  glue  was  placed 
on  the  silk  and  paper  between  the  plastic  tape 
and  the  aperture.  The  glue  drops  were  placed  at 
the  tips  of  the  aperture.  This  provided  for  a con- 
sistent gauge  length  for  each  specimen  construct- 
ed. 

In  addition  to  the  single  fibers,  multi-fiber  bun- 
dles of  100  silk  fibers  were  forcibly  drawn  and 
collected  (Xu  & Lewis  1 990)  using  a slotted  cone- 
shaped  spool.  The  multi-fiber  bundle  was  re- 
moved by  compressing  the  cone  and  the  bundle 
was  fastened  to  construction  paper  as  described 
above.  Multi-fibers  were  collected  for  major  and 
minor  ampullate  silks  for  both  species. 

After  the  glue  was  allowed  to  dry,  the  ends  of 
each  sample  were  clamped  into  the  grips  of  an 
Instron  Universal  test  frame  (model  1125)  and 
the  sides  of  the  aperture  were  cut,  allowing  the 
4.0/2. 5 cm  length  of  spider  silk  to  be  suspended 
between  the  heads.  The  grips  were  separated 
enough  to  remove  any  slack  in  the  fiber,  but  not 
enough  to  induce  a tensile  load.  The  grips  were 
then  allowed  to  separate  at  a constant  rate  of  5 
mm/min. 

The  force  exerted  as  the  heads  separated  was 
recorded  by  computer  for  the  duration  of  the 
experiment.  The  data  points  were  collected  at  a 
sampling  rate  of  2.0  or  0.6  per  second,  depending 
on  the  computer  used.  The  separation  distance 
between  the  heads  was  also  recorded  by  com- 
puter. The  strain  (percentage  elongation  beyond 
the  original  fiber  length)  was  determined  from 
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Figure  1.— Construction  paper  template.  Using  clear  tape  and  white  (“Elmer’s”)  glue,  silk  was  fastened  to 
template  as  shown  here  and  described  in  methods. 


this  measurement.  The  stress  (force  per  unit  cross- 
sectional  area)  could  also  be  calculated  since  the 
diameter  of  the  fiber  was  previously  determined. 
These  data  were  organized  using  Lotus  123  (Lo- 
tus Development  Corporation,  1985)  which  could 
then  be  transformed  into  stress/strain  graphs  us- 
ing Grapher  Version  1.77  (Golden  Software,  Inc., 
1988). 

A series  of  tests  was  conducted  to  measure  the 
compliance  of  the  whole  system  including  the 
Instron,  paper,  clamps,  and  load  cell.  The  system 
compliance  was  experimently  determined  per  the 
procedure  described  in  ASTM  (Standard  Test 
Method  D-3379-75,  1986).  Four  different  gauge 
lengths  (apertures),  of  2.5,  4.0,  6.0,  8.0  cm  in 
length,  were  tested  using  dragline  silk  of  Nephila 
clavipes  in  a multi-fiber  bundle  of  100  fibers. 

Sixteen  multi-fiber  bundles  were  collected  for 
each  gauge  length  and  fixed  to  a black  construc- 
tion paper  template  in  the  same  manner  as  men- 
tioned above.  By  performing  identical  tests  on 
sets  of  fibers  that  only  varied  in  gauge  length,  the 
system  compliance  was  experimently  deter- 
mined. To  obtain  the  true  compliance  of  each 
silk  specimen  tested,  the  compliance  of  the  test 
system  needs  to  be  subtracted  from  the  compli- 
ance indicated  by  the  individual  test  specimen 
data.  The  true  compliance  is  then  used  to  cal- 


Figure  2.— Single  fibers  of  major  ampullate  silk.  (A) 
represents  three  separate  samples  of  Nephila  clavipes 
while  (B)  represents  three  separate  samples  of  Araneus 
gemmoides.  Both  were  tested  for  mechanical  resistance 
as  explained.  The  Instron  cross-head  speed  was  5 mm/ 


STRAIN 


mm. 


STAUFFER  ET  AL.- PHYSICAL  PROPERTIES  OF  SILK 


7 


Figure  3. —Single  fibers  of  minor  ampullate  silk.  (A) 
represents  three  separate  samples  of  Nephila  clavipes 
while  (B)  represents  three  separate  samples  of  Araneus 
gemmoides.  Both  were  tested  for  mechanical  resistance 
as  explained.  The  Instron  cross-head  speed  was  5 mm/ 
min. 


culate  the  silk  specimen  elongation,  strain  and 
Young’s  modulus. 

To  test  for  the  effect  of  moisture  on  silk,  two 
sets  of  samples  of  Nephila  clavipes  multi-fibers 
were  prepared  as  previously  described.  The  first 
set  was  loaded  into  the  Instron  with  the  silk  ten- 
sion adjusted  to  zero.  It  was  then  wetted  with 


distilled  water  using  a spray  bottle.  The  tension 
induced  in  the  silk  fiber  by  the  water  was  then 
relieved  by  slightly  moving  the  specimen  grips 
closer  together.  The  grips  were  then  allowed  to 
separate  at  a constant  rate.  Load  and  elongation 
data  were  recorded  throughout  this  procedure. 
The  second  set  was  also  loaded  into  the  Instron 
with  the  silk  tension  adjusted  to  zero  and  wetted 
with  distilled  water,  but  was  not  re-zeroed  before 
allowing  the  crossheads  to  separate. 

Finally,  a series  of  tests  was  conducted  to  test 
if  the  rate  of  crosshead  separation  would  affect 
the  results  of  the  data  collected  on  the  Instron. 
Since  most  of  our  work  was  completed  using  a 
crosshead  speed  separation  of  5 mm/min,  we 
decided  to  test  the  effect  of  a higher  rate  of  sep- 
aration to  be  certain  that  the  rate  was  not  influ- 
encing the  data  we  collected.  Samples  were  run 
at  5,  20,  and  100  mm/min  crosshead  speed  sep- 
aration using  single  fibers  of  major  and  minor 
ampullate  silk  from  Nephila  clavipes  as  described 
above. 

RESULTS 

The  silk  densities  determined  by  the  chloro- 
form/ethyl acetate  gradient  were  recorded  as  fol- 
lows: The  silk  densities  of  Nephila  clavipes  for 
major  ampullate,  minor  ampullate,  and  cocoon 
silk  were  1.36,  1.19,  1.34  respectively.  The  silk 
densities  of  Araneus  gemmoides  for  major  am- 
pullate, minor  ampullate,  and  cocoon  silk  were 
1.27,  1.18,  and  1.26  respectively. 

Using  these  densities  along  with  the  mass  and 
length  of  the  various  silks  and  with  the  aid  of  a 
microprojector,  the  estimated  diameters  of  each 
silk  were  determined  as  follows:  The  average 
minimum  silk  diameters  of  Nephila  clavipes  for 
major,  minor,  and  cocoon  silk  were  estimated  to 
be  3.00,  2.50,  and  7.00/u  respectively.  The  av- 
erage minimum  silk  diameters  of  Araneus  gem- 
moides for  major,  minor,  and  cocoon  silk  were 
estimated  to  be  2.50,  2.00,  and  6.00^  respec- 
tively. 

Using  these  diameters,  the  area  of  a silk  fiber 
was  calculated  and  these  areas,  in  turn,  were  used 
to  calculate  the  stress  necessary  to  break  a par- 
ticular fiber.  Since  1 00  single  fibers  make  a multi- 
fiber bundle,  the  areas  of  the  multi-fiber  samples 
for  major  and  minor  ampullate  silk  of  both  spi- 
der species  were  simply  100  times  that  of  the 
single  fiber  areas  calculated  for  each. 

Figures  2-6  show  the  stress/strain  graphs  re- 
corded for  each  of  the  silks  tested.  Each  graph 
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contains  three  typical  silk  representives  of  that 
particular  silk.  The  Nephila  data  and  the  Araneus 
data  both  show  a biphasic  response  typical  of 
many  fibers. 

Figure  2 A represents  a single  fiber  of  major 
ampullate  silk  from  Nephila  clavipes.  Figure  2B 
represents  a single  fiber  of  major  ampullate  silk 
from  Araneus  gemmoides.  The  change  to  a dif- 
ferent stress/strain  relationship  occurs  at  about 
a 4-5%  elongation  of  the  fiber  for  both  species 
of  spider.  For  Nephila,  the  final  breaking  point 
for  this  fiber  occurs  at  about  a 23  ± 5%  {n=  10) 
extension  with  a final  stress  of  4.6  ± 0.2  x 10^ 
Nm"2.  For  Araneus,  the  final  breaking  point  for 
this  fiber  occurs  at  about  a 15  ± 2%  {n  = 10) 
extension  with  a final  stress  of  about  4.7  ± 0.5 
X lO^Nm-^. 

Figure  3A  represents  a single  fiber  of  minor 
ampullate  silk  from  Nephila  clavipes.  Figure  3B 
represents  a single  fiber  of  minor  ampullate  silk 
from  Araneus  gemmoides.  The  change  to  a dif- 
ferent stress/strain  relationship  occurs  at  about 
a 2-3%  elongation  of  the  fiber  for  both  species 
of  spider.  For  Nephila,  the  final  breaking  point 
for  this  fiber  occurs  at  about  a 25  ± 3%  {n=  10) 
extension  with  a final  stress  of  0.96  ± 0.05  x 
10’  Nm“2.  Vox  Araneus,  the  final  breaking  point 
for  this  fiber  occurs  at  a 22  ± 7%  {n  = 10)  ex- 
tension with  a final  stress  averaging  about  1 .4  ± 
0.1  X 10’  Nm"2.  The  breaking  stress  of  the  minor 
ampullate  silk  of  Araneus  is  notably  higher  than 
that  of  Nephila. 

Figure  4A  represents  a single  fiber  of  cocoon 
silk  from  Nephila  clavipes.  Figure  4B  represents 
a single  fiber  of  cocoon  silk  from  Araneus  gem- 
moides. The  change  to  a different  stress/strain 
relationship  occurs  at  about  a 4-5%  elongation 
of  the  fiber  for  both  species  of  spider.  For  Ne- 
phila, the  final  breaking  point  for  this  fiber  occurs 
at  about  a 24  ± 2%  {n  = 10)  extension  with  a 
final  stress  of  1.3  ±0.2  x ox  Araneus, 

the  final  breaking  point  for  this  fiber  occurs  at 
about  a 19  ± 2%  {n=  10)  extension  with  a final 
stress  of  2.3  ± 0.2  x 10’  Nm"^.  As  in  the  minor 
silk,  The  cocoon  silk  of  Araneus  appears  to  be 
stronger  than  that  of  Nephila. 

Figure  5A  represents  a multi-fiber  bundle  of 
major  ampullate  silk  from  Nephila  clavipes.  Fig- 
ure 5B  represents  a multi-fiber  bundle  of  major 
ampullate  silk  from  Araneus  gemmoides.  The 
change  to  a different  stress/strain  relationship  oc- 
curs at  about  a 2-3%  elongation  of  the  fibers  for 
Nephila,  and  a 4-5%  elongation  iox  Araneus.  For 
Nephila,  the  final  breaking  point  for  these  fibers 


Figure  4.— Single  fibers  of  cocoon  silk.  (A)  represents 
three  separate  samples  of  Nephila  clavipes  while  (B) 
represents  three  separate  samples  of  Araneus  gem- 
moides. Both  were  tested  for  mechanical  resistance  as 
explained.  The  Instron  cross-head  speed  was  5 mm/ 
min. 


occurs  at  a 32  ± 8%  («  = 10)  extension  with  a 
final  stress  of  2. 8 ± 0.2  x lO’Nm^^.  For^ra/t^W5, 
the  final  breaking  point  for  these  fibers  occurs  at 
a 64  ± 6%  («  = 10)  extension  with  a final  stress 
of  1.9  ± 0.1  X lO’Nm-2. 

Figure  6A  represents  a multi-fiber  bundle  of 
minor  ampullate  silk  from  Nephila  clavipes.  Fig- 
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Figure  5. —Bundles  of  100  fibers  of  major  ampullate 
silk.  (A)  represents  three  separate  samples  of  Nephila 
clavipes  while  (B)  represents  three  separate  samples  of 
Araneus  gemmoides.  Both  were  tested  for  mechanical 
resistance  as  explained.  The  Instron  cross-head  speed 
was  5 mm/min. 


ure  6B  represents  a multi-fiber  bundle  of  minor 
ampullate  silk  from  Araneus  gemmoides.  The 
change  to  different  stress/strain  relationship  oc- 
curs at  a 4-5%  elongation  of  the  fibers  for  Ne- 
phila, and  a 2-3%  elongation  for  Araneus.  For 
Nephila,  the  final  breaking  point  for  these  fibers 
occurs  at  a 25  ± 3%  {n  = 10)  extension  with  a 


Figure  6.— Bundles  of  100  fibers  of  minor  ampullate 
silk.  (A)  represents  three  separate  samples  of  Nephila 
clavipes  while  (B)  represents  three  separate  samples  of 
Araneus  gemmoides.  Both  were  tested  for  mechanical 
resistance  as  explained.  The  Instron  cross-head  speed 
was  5 mm/min. 


final  stress  of  1.6  ±0.4  x lO’Nm^^.  Fory4ra«^w5, 
the  final  breaking  point  for  these  fibers  also  oc- 
curs at  a 26  ± 4%  {n  = 10)  extension,  but  with 
a higher  final  stress  of  1.9  ± 0.3  x 10^  Nm^^. 

The  system  compliance,  experimently  deter- 
mined, for  the  Instron  set-up  that  was  used  for 
each  specimen  tested,  was  found  to  be  extremely 
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small  with  respect  to  the  compliance  indicated 
for  each  specimen  tested.  Thus,  it  was  not  nec- 
essary to  adjust  the  data  with  respect  to  the  sys- 
tem compliance  since  this  value  was  insignifi- 
cant. 

The  effect  of  moisture  on  the  silk  proved  to  be 
small  overall,  with  a change  in  elongation  of  the 
fiber  of  about  1%.  The  stress  necessary  to  break 
the  fiber  was  the  same  for  both  tests. 

The  testing  of  the  different  rates  of  crosshead 
speed  separation  of  5,  20,  and  100  mm/min 
showed  no  significant  differences  between  the 
three  with  respect  to  the  stress  required  to  break 
the  fibers. 

DISCUSSION 

Although  substantial  work  has  been  done  on 
the  mechanical  properties  of  spider  silk  (Gosline 
et  al.  1984),  there  were  several  areas  that  had  not 
been  well  studied.  The  first  was  the  uniformity 
of  the  fiber  diameter  which  clearly  would  affect 
the  calculated  tensile  strengths.  Using  the  optical 
measuring  system,  the  fibers  were  found  to  vary 
by  more  than  a factor  of  two  in  the  maximum 
and  minimum  diameters.  In  order  to  present  an 
accurate  value  for  tensile  strength,  we  assumed 
that  the  fiber  was  most  likely  to  break  at  the 
minimum  diameter.  We  thus  measured  the  ten 
smallest  diameter  points  in  several  sections  of 
the  different  silks  within  the  4.0/2. 5 cm  template. 
The  average  of  these  points  was  used  for  our 
calculations. 

The  data  presented  here  for  tensile  strengths 
of  single  fibers  is  higher  than  other  published 
values  (Work  1976)  due  to  the  smaller  diameter 
used  for  the  calculations.  However,  since  the  cal- 
culations were  done  in  a similar  manner  for  all 
silks,  the  comparison  data  is  consistent.  For  both 
Araneus  and  Nephila,  the  three  silks  show  an 
identical  ordering  of  strength.  The  major  am- 
pullate  silk  is  substantially  stronger  than  either 
of  the  other  two  silks.  The  cocoon  silk  is  next, 
followed  closely  by  minor  ampullate  silk.  In 
comparing  the  two  species,  the  Araneus  silks  are 
stronger  than  the  corresponding  silks  from  Ne- 
phila. The  values  are  over  50%  greater  for  the 
cocoon  and  minor  ampullate  silks,  but  less  than 
5%  for  major  ampullate  silk.  The  multiple  fiber 
bundles  showed  a wide  range  over  which  the 
fibers  broke  which  is  not  surprising  in  view  of 
the  range  of  diameters  observed.  Thus,  it  is  not 
possible  to  determine  a useful  value  for  the  ten- 
sile strength  of  the  fiber  bundles. 


The  elongation  values  found  for  the  major  am- 
pullate silk  from  both  species  are  consistent  with 
values  found  by  others  and  was  reversible  as  well 
(Work  1976).  Minor  ampullate  silk  showed  a 
larger  elongation  (over  20%)  than  previously 
found  and  this  elongation  was  not  reversible.  To 
our  knowledge,  cocoon  silk  has  not  previously 
been  studied  and  showed  a similar  elongation  to 
minor  ampullate  silk.  An  interesting  and  previ- 
ously undescribed  feature  of  Nephila  cocoon  silk 
is  its  brittle  character.  It  was  extremely  difficult 
to  obtain  any  4.0  cm  samples  without  the  fibers 
breaking  while  being  put  on  the  paper  template 
so  we  had  to  settle  for  2.5  cm  samples  instead. 
The  elongation  data  for  the  multi-fiber  bundles 
was  complicated  by  physical  interactions  be- 
tween the  fibers  after  they  broke.  This  greatly 
increased  the  elongation  over  that  of  the  single 
fibers. 

This  comparison  of  the  three  silks  from  two 
different  species  indicates  that  the  different  fibers 
each  possess  unique  characteristics.  The  fibers 
show  a remarkable  similarity  between  the  two 
species  indicating  that  evolutionary  pressure  has 
maintained  the  fiber  characteristics.  This  is  prob- 
ably due  to  an  identical  usage  of  the  different 
fibers  in  the  two  species. 

CONCLUSIONS 

Single  fibers  of  Nephila  clavipes  major,  minor, 
and  cocoon  silk  are  more  elastic  than  those  of 
Araneus  gemmoides,  respectively.  Overall,  single 
fibers  of  Araneus  major,  minor,  and  cocoon  silk 
appear  to  be  stronger  than  that  of  Nephila,  re- 
spectively. 

Comparing  the  silks  within  each  species,  a sin- 
gle fiber  of  Nephila  major  ampullate  silk  appears 
to  be  quite  a bit  stronger  than  that  of  minor  or 
cocoon  silk,  requiring  an  average  stress  of  4.6  ± 
0.2  X 10^  Nm“2  to  break  it.  The  cocoon  silk 
would  be  the  next  strongest  requiring  an  average 
stress  of  1 .3  ± 0.2  X 10’  Nm"^  to  break  its  fiber. 
Finally,  the  minor  ampullate  silk  which  appears 
to  be  the  weakest  of  the  three,  requires  an  average 
stress  of  0.96  ± 0.05  x 10’  Nm”^  to  break  it. 

A single  fiber  of  Araneus  major  ampullate  silk 
also  appears  to  be  stronger  than  that  of  its  minor 
or  cocoon  silks  requiring  an  average  stress  of  4.7 
±0.5  X 10’  Nm"2  to  break  it.  The  cocoon  silk 
appears  to  be  the  next  strongest  needing  an  av- 
erage stress  of  2.3  ± 0.2  x 10’  Nm^^  to  break 
its  fiber.  Finally,  just  like  the  Nephila  minor  silk, 
the  Araneus  minor  ampullate  silk  appears  to  be 
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the  weakest  of  the  three  requiring  an  average 
stress  of  1.4  ± 0.1  x 10^  to  break  it. 
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FACTORS  AFFECTING  THE  DIAMETERS 
OF  AXIAL  FIBERS  IN  CRIBELLAR  THREADS  OF 
THE  SPIDER  FAMILY  ULOBORIDAE 

Brent  D.  Opell:  Department  of  Biology,  Virginia  Polytechnic  Institute  and  State 
University;  Blacksburg,  Virginia  24061  USA 

ABSTRACT.  The  diameters  of  axial  fibers  that  support  the  cribellar  threads  of  uloborids  are  shown  by  electron 
microscopy  to  be  related  to  web  architecture.  Cribellar  threads  produced  by  the  simple-web  species  Miagram- 
mopes  animotus  and  M.  sp.  are  supported  by  the  radial  threads  along  which  they  are  deposited.  The  axial  fibers 
of  these  threads  have  smaller  diameters  than  those  of  the  self-supporting  cribellar  threads  that  are  deposited 
between  radial  threads  by  members  of  the  orb-weaving  species  Octonoba  sinensis,  Simtoba  referena,  and  Uloborus 
glomosus  and  the  triangle  web-species  Hyptiotes  cavatus.  Among  these  six  species,  axial  fiber  diameter  is  directly 
related  to  the  maximum  distance  that  a cribellar  thread  spans  in  the  web.  However,  in  O.  sinensis  and  H.  cavatus 
there  is  no  intraweb  difference  in  the  diameters  of  axial  fibers  from  short  and  long  cribellar  thread  spans. 


Spider  orb-webs  are  highly  organized,  mini- 
mum-design  structures  whose  architectures  and 
thread  characteristics  appear  to  be  interdepend- 
ent (Craig  1987;  Denny  1976;  Eberhard  1990). 
In  the  family  Uloboridae,  cribellar  thread  forms 
the  web’s  spiral  prey  capture  element.  This  thread 
has  two  components:  small,  looped  cribellar  fi- 
brils that  form  its  outer  surface  and  a pair  of 
larger  axial  fibers  that  lie  within  this  sheath  of 
cribellar  fibrils  and  are  thought  to  support  the 
thread  (Fig.  1;  Peters  1983,  1984,  1986).  In  this 
family,  reduction  of  the  orb-web  is  correlated 
with  an  increase  in  the  stickiness  of  the  web’s 
capture  threads  (Opell  1994),  resulting  from  an 
increase  in  the  number  of  cribellar  fibrils  that 
form  their  outer  surfaces  (Opell  pers.  obs.).  The 
purpose  of  this  study  is  to  determine  if  these 
changes  in  web  architecture  are  also  associated 
with  changes  in  the  diameters  of  the  cribellar 
thread’s  axial  fibers. 

As  uloborid  web  architecture  changes,  the 
amount  of  support  that  the  axial  fibers  of  their 
cribellar  fibrils  must  provide  should  also  change. 
In  orb-webs  and  in  triangle-webs  produced  by 
members  of  the  genus  Hyptiotes  Walckenaer,  cri- 
bellar threads  extend  across  radii  (whose  diam- 
eters are  at  least  two  times  those  of  the  cribellar 
threads’  axial  fibers)  and  are  self-supporting  (Lu- 
bin  1986).  In  the  reduced  webs  produced  by  Po~ 
lenecia  producta  (Simon)  and  by  members  of  the 
genus  Miagrammopes  O.  Pickard-Cambridge, 
cribellar  threads  are  deposited  on  radii,  which 
help  support  them  (Lubin  1986;  Lubin  et  al.  1 978; 


Opell  1990;  Peters  1986).  Peters  (1986)  has 
termed  these  two  types  of  cribellar  threads  au- 
tonomous and  heteronomous  threads,  respec- 
tively. In  the  family  Uloboridae,  the  orb-web  and 
its  autonomous  cribellar  threads  are  plesiom- 
orphic  (Coddington  1990;  Coddington  & Levi 
1991;  Opell  1979). 

Thus,  two  design  features  of  uloborid  webs 
have  the  potential  to  influence  the  diameter  of 
the  axial  fibers  within  their  cribellar  threads:  1) 
the  manner  in  which  cribellar  threads  are  sup- 
ported and  2)  the  distance  the  cribellar  threads 
span.  In  reduced  webs  with  heteronomous  cri- 
bellar threads,  the  axial  fibers’  support  function 
appears  to  be  largely  redundant,  as  they  have 
smaller  diameters  than  do  the  frame  thread  on 
which  they  are  deposited  (Peters  1984).  As  these 
axial  fibrils  appear  to  contribute  neither  to  the 
cribellar  thread’s  strength  nor  its  stickiness,  se- 
lection for  the  conservation  of  silk  invested  in  a 
web  should  favor  a reduction  in  the  diameter  of 
these  axial  fibers  to  that  needed  simply  to  support 
the  cribellar  thread  as  it  is  being  spun  and  de- 
posited. 

In  webs  with  autonomous  cribellar  threads, 
differences  in  a web’s  diameter  and  the  number 
of  radii  that  it  contains  affect  the  distance  that 
cribellar  threads  span.  As  this  distance  increases, 
these  threads  are  more  likely  to  bear  the  full  im- 
pact of  a prey  that  strikes  the  web  and  their  ability 
to  do  so  would  be  enhanced  by  stronger  axial 
fibers.  Therefore,  in  those  uloborids  that  con- 
struct orb-webs  and  triangle-webs,  the  maximum 
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Figure  l.—A  portion  of  a cribellar  thread  of  Wait- 
kera  waitakerensis,  showing  two  axial  fibers  (AF)  sur- 
rounded by  smaller  cribellar  fibrils. 


distance  that  cribellar  threads  must  span  should 
be  directly  related  to  the  diameter  of  the  axial 
fibers  that  support  these  threads. 

This  study  tests  the  hypothesis  that  the  di- 
ameters of  the  axial  fibers  of  uloborid  cribellar 
threads  are  correlated  with  the  loads  that  these 
threads  must  bear,  as  determined  by  differences 
in  web  architecture.  If  verified,  this  hypothesis 
lends  credibility  to  the  putative  support  function 
of  these  axial  fibers  and  demonstrates  that  the 
axial  fiber  and  cribellar  fibril  components  of  cri- 
bellar threads  respond  independently  to  changes 
in  web  architecture.  To  test  this  hypothesis,  I 
compared  the  diameters  of  axial  fibers  in  cri- 
bellar threads  produced  by  seven  uloborid  spe- 
cies. This  hypothesis  assumes  that  axial  fiber  di- 
ameter is  uniform  within  a web.  However,  as  the 
distance  spanned  by  cribellar  threads  is  greater 
at  the  perimeter  of  a web  than  near  its  center, 
this  may  not  be  true.  Therefore,  for  two  species 
I also  tested  the  hypothesis  that,  within  a web, 
axial  fiber  diameter  is  greater  in  long  than  in 
short  cribellar  thread  spans. 


WAITKERA 


SIRATOBA 


HYPTIOTES 

MIAGRAMMOPES 

ULOBORUS 


k: 

HZ! 


OCTONOBA 


Figure  2.— A cladogram  of  the  genera  of  Uloboridae 
from  Coddington  (1 990),  showing  the  phylogenetic  po- 
sitions of  the  six  genera  included  in  this  study. 


METHODS 

Species  studied. —As  adult  male  uloborids  do  not 
construct  capture  webs,  only  the  threads  of  adult 
females  were  measured.  Four  orb-weaving  spe- 
cies were  studied:  Waitkera  waitakerensis 
(Chamberlain),  from  New  Zealand’s  North  Is- 
land; Siratoba  referena  (Muma  & Gertsch),  from 
the  Chiricahua  Mountains  of  southeastern  Ari- 
zona; Uloborus  glomosus  (Walckenaer),  from 
southwestern  Virginia;  and  Octonoba  sinensis 
(Simon),  an  introduced  Asian  species,  collected 
from  free  ranging  populations  in  greenhouses  at 
Virginia  Polytechnic  Institute  and  State  Univer- 
sity. Also  included  was  the  triangle-web  species, 
Hyptiotes  cavatus  (Hentz),  from  southwestern 
Virginia.  Two  simple-web  species  were  studied: 
Miagrammopes  animotus  Chickering,  from  the 
Luquillo  National  Forest  of  Puerto  Rico  and  an 
undescribed  green  Miagrammopes  species,  from 
north  central  Costa  Rica.  The  live  weights  in  mg 
of  these  species,  based  on  the  individuals  in- 
cluded in  this  study,  are  (mean,  ± 1 SE,  n):  6.52, 
0.44,  18;  3.84,  0.23,  14;  7.73,  0.68,  18;  13.26, 
0.83,  28;  7.60,  0.47,  30;  6.44,  0.38,  6;  and  3.36, 
0.5 1 , 5,  respectively.  The  relationship  of  the  gen- 
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Figure  3.— Comparison  of  the  maximum  cribellar  thread  spans  and  cribellar  thread  axial  fiber  diameters  of 
seven  uloborid  species,  organized  by  thread  type  (Hetero.  = heteronomous,  Auto.  = autonomous)  and  web  type 
(Simple-,  Orb-,  and  Triangle- web).  Numbers  to  the  right  of  each  taxon  represent  the  number  of  axial  fibers 
measured.  For  each  species,  the  maximum  cribellar  thread  span  of  webs  spun  by  1 2 individuals  was  measured. 
Letters  within  each  rectangle  designate  the  Duncan  test  ranking  of  means  and  error  bars  denote  + 1 SE. 


era  to  which  these  species  belong  is  shown  in 
Fig.  2. 

Intraweb  differences  in  axial  fiber  diameter.— 

For  this  comparison,  I chose  H.  cavatus  and  O. 
sinensis,  as  their  autonomous  cribellar  threads 
spanned  the  greatest  distances  (Fig.  3).  I collected 
webs  or  web  regions  on  1 8 cm  diameter  alumi- 
num rings,  whose  5 mm  diameter  rims  were  cov- 
ered with  double-sided  plastic  ‘‘Scotch”  tape.  I 
then  isolated  the  half  of  the  ring  containing  short 
spans  of  cribellar  thread  from  that  containing 
long  spans  by  placing  a thread  across  the  ring. 
This  permitted  me  to  collect  threads  from  one 
half  without  damaging  those  in  the  other  half 
Before  collecting  cribellar  thread  samples,  I mea- 
sured the  distance  between  the  adjacent  radii  that 
supported  them. 

I collected  threads  on  raised  supports  glued  to 
microscope  slides.  Double-sided  plastic  “Scotch” 
tape  atop  these  supports  maintained  the  natural 
tension  of  these  threads.  I then  sub-sampled 
threads  on  Formvar-coated  copper  grids  and  ex- 
amined them  at  66,000  x with  a transmission 
electron  microscope  without  further  treatment. 
From  each  short  and  long  span  of  cribellar  thread 
I photographed  two  axial  fibers,  being  careful  to 
include  only  those  strands  that  had  a uniform 


diameter  and  showed  no  signs  of  being  damaged 
by  the  microscope’s  electron  beam.  On  each  pho- 
tographic negative,  I measured  the  axial  fiber’s 
diameter  at  its  center  and  both  ends.  The  mean 
of  these  six  measurements  was  used  as  the  di- 
ameter of  an  axial  fiber  in  a short  or  long  cribellar 
thread  span. 

On  each  of  the  four  days  that  I photographed 
threads,  I also  photographed  a grating  replica 
(2160  lines  per  mm)  at  66,000  x to  precisely  de- 
termine specimen  magnification  and  confirm  that 
it  was  consistent  from  day  to  day.  The  standard 
error  of  the  mean  measured  width  of  one  of  the 
replica’s  463  nm  wide  lines  was  4.3  nm. 

Interspecific  differences  in  axial  fiber  diame- 
ter.—Cribellar  threads  were  collected  from  the 
webs  of  the  seven  species  listed  above.  Those 
from  orb-webs  and  triangle-webs  were  usually 
taken  midway  between  the  web’s  hub  or  apex 
and  its  perimeter,  although  this  sampling  pro- 
cedure was  not  employed  consistently.  These 
threads  were  collected  and  studied  as  described 
above,  except  that  one  to  three  axial  fibers  were 
measured  from  each  web.  On  the  1 2 days  that  I 
photographed  these  axial  fibers,  the  measured 
width  of  the  463  nm  diffraction  gradient  spacing 
had  a standard  error  of  1.6  nm. 
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Table  1 . —Comparison  of  axial  fiber  diameter  in  short 
and  long  spans  of  cribellar  thread  from  the  same  web. 
Mean  ± 1 standard  deviation. 


Hyptiotes 
cavatus 
{n  = 10) 

Octonoba 
sinensis 
{n=  12) 

Spider  weight 

(mg) 

7.24  ± 2.84 

12.50  ± 3.44 

Length  of  thread 
Short  span 
(mm) 

14.8  ± 4.6 

7.1  ± 1.6 

Long  span 
(mm) 

41.1  ± 8.5 

21.5  ± 5.5 

Axial  fiber  diameter 

Short  span 

(nm) 

412  ± 60 

308  ± 52 

Long  span 
(nm) 

400  ± 40 

319  ± 45 

Paired  f-test 

t value 

0.735 

1.024 

P value 

0.481 

0.328 

Cribellar  thread  span. —I  determined  the  max- 
imum distance  a cribellar  thread  spanned  in  the 
orb-webs  and  triangle-webs  produced  by  1 2 adult 
females  of  each  of  these  five  species.  These  webs 
were  dusted  with  com  starch,  photographed,  and 
enlarged  prints  made.  On  each  print  I measured 
the  three  longest  cribellar  threads  and  used  the 
mean  of  these  measurements  as  that  web’s  max- 
imum cribellar  thread  span.  Only  cribellar  threads 
extending  between  radii  were  measured;  those 
that  were  connected  to  or  that  ran  along  frame 
lines  were  not  included. 

Phylogenetic  analysis.— As  the  species  includ- 
ed in  this  study  are  related  to  differing  degrees 
(Fig.  2),  phylogenetic  position  alone  may  con- 
tribute to  differences  in  the  diameters  of  their 
axial  fibers.  Species  that  share  a more  recent 
common  ancestor  would  also  be  expected  to  have 
more  similar  axial  fiber  diameters.  Thus,  the  val- 
ues obtained  for  these  species  are  not  strictly 
independent,  making  it  inappropriate  to  analyze 
them  with  traditional  regression  techniques 
(Harvey  & Pagel  1991).  Therefore,  I employed 
the  method  described  by  Huey  & Bennett  (1986, 
1987)  for  evaluating  the  direction  and  rate  of 
evolution  of  two  continuous  variables  whose 
states  are  hypothesized  to  be  coadapted.  This 
method  has  two  steps:  1)  the  inference  of  ances- 
tral character  states  from  the  states  of  its  extant 


members,  and  2)  the  analysis  of  change  in  these 
characters  from  these  hypothetical  ancestors  to 
the  extant  members.  If  this  analysis  shows  that 
changes  (both  positive  and  negative)  in  the  two 
characters  are  significantly  correlated,  then  their 
states  can  be  considered  to  have  coevolved. 

I computed  the  states  of  three  characters  in  the 
hypothetical  ancestors  of  the  six  species  included 
in  this  study:  axial  fiber  diameter,  maximum  cri- 
bellar thread  span,  and  spider  weight.  I included 
weight  in  this  analysis  because  it  represents  a 
feature  that  may  have  affected  axial  fiber  di- 
ameter. Unless  this  effect  is  ruled  out,  even  a 
significant  association  between  maximum  cri- 
bellar thread  span  and  axial  fiber  diameter  may 
not  fully  explain  differences  in  axial  fiber  di- 
ameter. 

I employed  the  scheme  of  iterative  averaging 
described  below  to  determine  the  state  of  these 
three  characters  in  hypothetical  ancestors  Aj-Aj 
(Fig.  4).  In  these  equations,  the  value  of  each 
genus  is  represented  by  the  first  initial  of  its  name. 
For  each  character,  the  mean  value  of  the  two 
Miagrammopes  species  are  used  because  all  oth- 
er genera  are  represented  by  only  a single  species. 

A,  = W + S + A4/3. 

A2  = H + M + ((U  + 0)/2)/3. 

A3  = U + O + ((H  + M)/2)/3. 

A4  = A2  + A3  + ((W  + S)/2)/3. 

A5  = Ai  + A4/2. 

Next,  I computed  the  change  that  occurred  be- 
tween the  most  recent  ancestor  of  each  genus  and 
that  genus.  For  example,  the  transition  from  hy- 
pothetical ancestor  Ai  to  Waitkera  involved  a 
35  nm  reduction  in  axial  fiber  diameter,  no  change 
in  maximum  cribellar  span,  and  a 0.63  mg  in- 
crease in  spider  weight.  Changes  in  axial  fiber 
diameter  were  then  regressed  against  changes  in 
weight  and  changes  in  maximum  cribellar  thread 
span  to  determine  if  one  or  both  of  these  latter 
two  parameters  satisfactorily  explained  changes 
in  axial  fiber  diameter. 

Statistical  analysis.— In  both  intraweb  and  in- 
terspecific comparisons,  axial  fiber  diameter  was 
normally  distributed  {P  > 0.05),  as  determined 
by  a Shapiro-Wilk  W-statistic.  However,  as  max- 
imum cribellar  thread  span  was  not  normally 
distributed  for  all  five  species,  statistical  tests 
were  performed  using  log-transformed  data. 
F-values  of  < 0.05  are  considered  significant. 
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RESULTS 

Intraweb  differences  in  axial  fiber  diameter.— 

Table  1 compares  the  diameters  of  axial  fibers 

from  short  and  long  spans  of  cribellar  threads 
taken  from  the  webs  of  H.  cavatus  and  O.  sinen- 
sis. Although  the  length  of  long  spans  was,  on 
average,  three  times  greater  than  that  of  short 
spans,  in  neither  species  did  axial  thread  diam- 
eter differ  significantly  between  long  and  short 
spans.  These  results  falsify  the  hypothesis  that 
there  are  intraweb  differences  in  axial  fiber  di- 
ameters. Additionally,  they  indicate  that  any  bias 
in  the  web  region  from  which  cribellar  threads 
were  taken  in  the  interspecific  comparison  is  not 
likely  to  affect  the  results  of  this  study. 

Interspecific  comparisons  of  axial  fiber  diam- 
eter.—Figure  3 compares  the  diameters  of  the 
seven  species’  axial  fibers.  A one-way  analysis  of 
variance  test  shows  that  axial  fiber  diameter  dif- 
fers among  the  species  (df  ==  6,  F = 34.12,  P < 
0.0001).  These  differences  are  not  explained  by 
differences  in  spider  weight,  as  demonstrated  by 
an  insignificant  Pearson  correlation  coefficient 
{df=  5,  T=  1.46,  r = 0.55,  P > 0.20)  between 
the  mean  weight  of  the  species  and  their  mean 
axial  fiber  diameters.  When  the  two  Miagram- 
mopes  species  are  excluded,  the  Pearson  corre- 
lation remains  insignificant  (<#'^3,  r=0.78,r 
= 0.41, P > 0.49).  Therefore,  the  ranking  of  axial 
fiber  diameter  by  a Duncan  test  (Fig.  3;  df  = 51, 
Alpha  = 0.05)  supports  the  hypothesis  that  the 
heteronomous  cribellar  threads  of  the  two  Mia- 
grammopes  species  have  axial  fibers  with  smaller 
diameters  than  do  the  autonomous  cribellar 
threads  of  orb-  and  triangle-web  genera.  It  also 
shows  that,  even  among  species  that  produce  au- 
tonomous cribellar  threads,  axial  fiber  diameter 
differs. 

Cribellar  thread  span.— Figure  3 also  presents 
the  maximum  cribellar  thread  span  for  the  five 
species  that  produce  autonomous  cribellar 
threads.  An  analysis  of  variance  test  shows  that 
the  log  base  ten  of  maximum  cribellar  thread 
span  differs  significantly  among  these  species  {df 
= 4,  P=  81.96,  P = 0.0001).  The  ranks  assigned 
to  these  species  by  a Duncan  test  {df  =56,  Alpha 
= 0.05)  are  similar  to  those  based  on  axial  fiber 
diameter.  Among  these  species,  weight  fails  to 
explain  maximum  cribellar  thread  span,  as  in- 
dicated by  an  insignificant  Pearson  correlation 
coefficient  {df=3,  r=  1.17,  r = 0.56,  P = 0.33). 
However,  among  these  species,  maximum  cri- 
bellar thread  span  is  positively  correlated  with 


Spider  Weight 


WAITKERA 

236 

16 

6.52 

SIRATOBA 

292 

12 

3.84 

HYPTIOTES 

419 

46 

7.60 

MIAGRAMMOPES 

121 

0 

4.90 

ULOBORUS 

307 

19 

7.73 

OCTONOBA 

340 

33 

13.26 


Figure  4.— Transformational  analysis  of  axial  fiber 
diameter,  maximum  cribellar  thread  span,  and  spider 
weight  based  on  the  values  of  six  genera. 


axial  fiber  diameter  (#=  3,  P = 3.71,  r = 0.91, 
P = 0.03),  indicating  that  these  two  features  are 
functionally  linked. 

Phylogenetic  analysis.— An  analysis  of  maxi- 
mum cribellar  thread  span  and  axial  fiber  di- 
ameter within  a phylogenetic  context  also  sup- 
ports the  relationship  of  these  two  features.  Figure 
4 presents  the  values  of  these  two  variables  and 
of  spider  weight  for  the  six  genera  included  in 
this  study  and  for  their  hypothetical  ancestors. 
Changes  in  the  values  of  these  features  between 
hypothetical  ancestors  A1-A3  and  the  genera  de- 
rived from  them  are  plotted  in  Fig.  5.  Change  in 
spider  weight  is  not  significantly  related  to  change 
in  axial  fiber  diameter  (Fig.  5A),  whereas  change 
in  maximum  cribellar  thread  span  is  significantly 
related  to  change  in  axial  fiber  diameter  (Fig.  5B). 
In  the  latter  regression,  values  of  Siratoba,  Ulo- 
borus,  and  Waitkera  are  shown  to  have  changed 
little  from  those  of  their  ancestors,  whereas  val- 
ues of  Hyptiotes  and,  to  a lesser  degree,  Octonoba 
have  increased  and  those  of  Miagrammopes  have 
decreased- 


DISCUSSION 

The  results  of  this  study  support  the  hypothesis 
that  the  switch  from  autonomous  to  heterono- 
mous cribellar  threads  was  accompanied  by  a 
reduction  in  the  diameter  of  the  cribellar  thread’s 
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Figure  5. —Regressions  of  changes  in  values  from  hypothetical  ancestors  A1-A3  to  their  descendant  genera  as 
determined  from  values  presented  in  Fig.  4.  A.  The  relationship  of  spider  weight  and  axial  fiber  diameter  {df = 
4,  r = 0.95).  B.  The  relationship  of  maximum  cribellar  thread  span  and  axial  fiber  diameter  {df  = 4,  T = 5.65). 
Letters  denote  the  genus  whose  values  are  plotted. 


axial  fibers.  They  also  show  that  the  diameter  of 
the  axial  fibers  in  autonomous  cribellar  threads 
is  affected  by  web  architecture.  Species  whose 
cribellar  threads  span  larger  distances  produce 
axial  fibers  that  have  greater  diameters.  How- 
ever, there  is  no  evidence  that  within  a web  axial 
fiber  diameter  differences  between  short  and  long 
cribellar  thread  spans. 

These  observations  provide  further  evidence 
that  changes  in  web  architecture  are  associated 
with  changes  in  the  properties  of  the  threads  that 
form  a web.  In  conjunction  with  other  studies, 
they  also  demonstrate  that  selection  can  act  in- 
dependently on  different  components  of  a single 
thread.  Although  the  heteronomous  threads  of 
Miagrammopes  contain  axial  threads  that  are 
smaller  in  diameter  than  the  other  five  species 
that  were  studied,  they  contain  the  greatest  ab- 
solute and  weight-specific  number  of  cribellar 
fibrils  and,  therefore,  hold  prey  more  strongly 
than  do  the  threads  of  the  other  species  (Opell 
in  press,  pers.  obs.). 

The  principle  underlying  these  differences  in 
axial  fiber  diameter  appears  to  be  the  parsimo- 
nious investment  of  silk  in  a spider’s  web.  This 
supports  the  arguments  of  Craig  (1987)  and  Den- 
ny (1976)  that  only  as  much  material  is  invested 
in  each  component  of  a spider’s  web  as  is  nec- 
essary for  that  component  to  function  properly. 
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SETA-SPIGOT  HOMOLOGY  AND  SILK  PRODUCTION  IN 
FIRST  INSTAR  ANTRODIAETUS  UNICOLOR  SPIDERLINGS 
(ARANEAE:  ANTRODIAETIDAE) 


Jason  E.  Bond*:  Department  of  Biology,  Western  Carolina  University;  Cullowhee, 
North  Carolina  28723  USA 

ABSTRACT:  A scanning  electron  microscope  study  of  the  silk  spigots  of  the  first  free  postembryonic  instar 
of  Antrodiaetus  unicolor  shows  that  their  spigots  and  setae  are  more  similar  in  early  instar  spiderlings  than  in 
the  adult  spiders.  This  ontogenetic  evidence  supports  the  hypothesis  that  the  silk  spigots  of  spiders  evolved 
from  setae.  These  observations  also  suggest  that  spigots  with  a deep  articulation  between  the  base  and  shaft  are 
more  primitive  than  the  non-articulated  spigots. 


‘‘Among  the  arachnids,  spiders  alone  produce 
silk  from  opisthosomal  glands  that  open  through 
modified  setae  called  spigots,  which  in  turn  are 
located  on  reduced  abdominal  appendages,  the 
spinnerets”  (Shear  et  al.  1989).  Much  is  known 
about  the  uses,  chemistry,  and  physics  of  spider 
silk,  but  little  is  known  about  its  evolutionary 
origin.  Several  hypotheses  have  been  proposed 
to  explain  the  evolution  of  silk  production  in 
spiders.  McCook  (1889)  and  Savory  (1928)  (as 
summarized  by  Shear  1986)  suggest  that  the 
primitive  arachnids  trailed  excretory  material 
from  coxal  glands,  serving  as  a trail  back  to  a 
safe  retreat.  However,  Shultz  (1987)  most  re- 
cently has  postulated  that  silk  evolved  primarily 
for  reproductive  needs,  where  it  was  used  to  con- 
struct egg  sacs  and  spermatophores.  Rovner 
(1987)  also  suggested  that  silk  first  served  a re- 
spiratory function,  allowing  spiders  in  flooded 
areas  to  construct  a silken  retreat  that  exchanged 
oxygen  with  the  surrounding  water.  These  hy- 
potheses along  with  others  (Decae  1984;  Foelix 
1982)  are  derived  primarily  from  knowledge  of 
extant  silk  use.  An  alternative  approach  focuses 
on  the  morphology  of  the  spinning  apparatus  of 
primitive  spiders  (Palmer  et  al.  1982;  Palmer 
1985).  Palmer  (1990)  proposed  two  simulta- 
neously plausible  hypotheses  regarding  the  evo- 
lutionary origin  of  the  silk  producing  apparatus: 
1)  the  silk  glands  were  derived  from  dermal  glands 
and  2)  silk  spigots  were  derived  from  sensory 
setae.  Scanning  and  transmission  electron  mi- 
croscope observations  of  adult  female  Antro- 
diaetus unicolor  show  that  there  are  both  external 
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and  internal  similarities  between  setae  and  spig- 
ots (pers.  obs.).  If  spigots  have  evolved  from  se- 
tae the  two  structures  should  be  more  similar  in 
early  instar  spiderlings  than  in  adult  spiders.  This 
study  examines  the  surface  structure  of  silk  spig- 
ots and  sensory  setae  of  the  1st  postembryonic 
instar  of  Antrodiaetus  unicolor  (Hentz).  Antro- 
diaetus unicolor  is  well  suited  for  this  investi- 
gation because  it  has  the  simplest  and  probably 
most  primitive  known  complement  of  silk  glands 
(Palmer  et  al.  1982;  Shultz  1987). 

METHODS 

The  first  free  postembryonic  stage  (Coyle  1971) 
spiderlings  of  A.  unicolor  used  in  this  study  were 
collected  in  September  of  1992  from  an  egg  sac 
found  near  Cullowhee,  North  Carolina.  The  spi- 
derlings were  fixed  in  70%  ethanol,  run  through 
an  ethanol  dehydration  series,  cleaned  in  an  ul- 
trasonic cleaner  for  2-5  seconds,  critical-point- 
dried,  and  sputter  coated.  Twenty  four  spider- 
lings were  viewed  and  photographed  using  an 
ETEC  Autoscan  scanning  electron  microscope. 
All  measurements  given  in  this  paper  were  taken 
from  one  representative  specimen. 

RESULTS 

The  abdomen  appears  to  be  composed  of  1 2 
segments  (Figs.  1 , 3)  with  the  spinnerets  located 
mid-ventrally.  Three  pairs  of  spinnerets  are  pres- 
ent: anterior  lateral  spinnerets  (ALS),  posterior 
lateral  spinnerets  (PLS),  and  the  posterior  me- 
dian spinnerets  (PMS)  (Figs.  1,  2).  ALS,  PLS, 
and  PMS  lack  setae  but  each  PLS  has  one  silk 
spigot  (Fig.  2),  a feature  overlooked  by  Coyle 
(1971).  The  spigot  shaft  is  sometimes  curved  or 
slightly  tapered,  is  4 ixm  in  diameter  and  1 5 fim 
in  length  and  is  distinctly  articulated  in  a swollen 
base  (Fig.  4).  Its  base  is  1 3 fim  in  diameter  and 
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Figures  \-9.=-Antrodiaetus  bicolor.  1.  first  instar  spiderling,  ventral  view  [note  ALS  (A),  PMS  (M),  and  PLS 
(P)];  2.  ventral  view  of  spiderling  abdomen,  with  ALS,  PLS  and  PMS  shown  [note  silk  spigot  (S)  with  silk, 
positioned  mid-ventrally  on  the  PLS];  3.  side  view  of  the  spiderling  abdomen  showing  segmentation  and  mid- 
ventral  position  of  the  spinnerets;  4.  silk  spigot  located  mid-ventrally  on  the  PLS  [note  spigot  shaft,  spigot  base 
(B),  spigot  and  shaft-base  junction  (J)];  5.  type  I setae,  metatarsus  of  spiderling  walking  leg,  showing  shaft,  area 
of  shaft-base  junction  (J),  and  large  rounded  base  (B);  6.  type  II  setae,  coxae  of  4th  walking  leg  of  spiderling 
[note  shaft  and  small  base  (B)];  7.  type  III  setae,  on  palpal  endite  of  spiderling  (note  cone  shaped  structure  seated 
in  a depression);  8.  adult  A.  unicolor  silk  spigots  (S)  and  sensory  setae  (E)  (Micrograph  courtesy  of  F.  Coyle);  9. 
spiderling  cheliceral  main  fang  (F),  branched  claw-like  structure  (C)  and  small  triangular  projection  (T). 


appears  to  be  centered  in  a slightly  depressed 
area.  These  spigots  are  located  155  nm  from  the 
tip  of  the  PLS  (Fig.  2)  and  have  a smooth  surface. 
Silk  or  a silk-like  substance  can  be  seen  issuing 


from  these  spigots  (Figs.  2,  4).  The  only  other 
structures  found  on  the  spinnerets  are  knob-like 
structures  located  immediately  adjacent  to  the 
silk  spigot  (not  shown). 
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Table  1.™ Comparison  of  the  three  setal  types  found  on  Antrodiaetus  unicolor  spiderlings. 


Type 

Base 

Shaft 

Articulation 

I 

bulbous;  10  um  dia 

long/tapered;  30  /urn  length 

evident 

II 

conical;  1 6 jum  dia 

long/tapered;  30  /um  length 

weakly  developed 

III 

depressed;  3 mui  dia 

cone  shaped;  6 /um  length 

not  evident 

Each  walking  leg  has  nine  setae  and  each  ped- 
ipalp  has  eight:  1 located  ventrally  on  the  coxa, 
1 ventrally  on  the  tibia,  1 ventrally  on  the  meta- 
tarsus, and  3 dorsally  and  3 ventrally  positioned 
on  the  tarsus.  Other  setae  occur  on  the  chelicerae 
and  palpal  endites  of  the  spiderling.  Based  on 
seta  shaft  and  base  architecture,  three  setal  types 
were  identified  (Table  1).  Type  I setae  (Fig.  5) 
are  found  on  the  tarsal  segments  of  the  walking 
legs  and  pedipalps,  dorsal  side  of  the  chelicerae, 
and  the  palpal  endites.  These  setae  have  a round- 
ed base  10  ium  in  diameter  and  a long  tapered 
shaft,  30  iim  in  length,  with  a distinct  shaft  base 
articulation.  Type  II  setae  (Fig.  6)  are  found  pri- 
marily on  the  coxae  and  the  ventral  side  of  the 
tibiae  and  have  a conical  base  1 6 /um  in  diameter, 
a shaft  30  um  in  length  and  a weakly  developed 
shaft-base  articulation.  Type  III  setae  (Fig.  7) 
have  a cone-shaped  shaft  6 /um  in  length  and  4 
/im  in  diameter  seated  in  a depression.  Little  or 
no  shaft-base  articulation  is  evident.  This  type 
is  found  only  singly  on  the  palpal  endites  and 
may  not  be  homologous  to  “true”  setae. 

In  adult  A.  unicolor,  the  morphological  differ- 
ences between  silk  spigots  and  sensory  setae  are 
much  greater  (Fig.  8).  The  spigot  (Fig.  8,  structure 
S)  projects  from  a sac-like  base,  similar  to  the 
spigots  of  Euagrus  described  by  Palmer  (1985), 
and  is  long  and  slender  with  faint  distal  scale- 
like topography.  In  contrast  the  shaft  of  the 
mechanoreceptor  seta  (Fig.  8,  structure  E)  pro- 
jects from  a small,  ball-joint-like  base  and  is  cov- 
ered with  small  spines. 

The  cheliceral  fang  has  a peculiar  form  at  this 
stage  of  development  (Fig.  9);  it  appears  to  be 
composed  of  three  parts:  1)  a main  fang,  2)  a long 
claw-like,  bifurcate  projection,  near  the  distal  end 
of  the  fang,  and  3)  a smaller  triangular  projection 
located  distal  to  the  bifurcate  structure. 

DISCUSSION 

The  most  interesting  finding  of  this  study  is 
the  presence  of  functional  spigots  on  the  first 
instar  spiderling  of  Antrodiaetus  unicolor.  Galia- 


no  (1972)  also  reported  spigots  in  first  instar  spi- 
derlings of  the  diplurid  Ischnothele  seimensi. 
These  discoveries  will  require  a revision  of  Va- 
chon’s  (1957)  often  cited  criteria  of  larval  (as 
opposed  to  nymphal)  spiderlings,  which  he  char- 
acterized as  lacking  spigots,  and  Downes’  (1987) 
criteria  of  postembryonic  spiderlings,  which  he 
describes  as  lacking  functional  spinnerets. 

The  presence  of  a functional  silk-producing 
apparatus  at  such  an  early  stage  of  development 
raises  intriguing  questions.  How  do  the  spider- 
lings use  this  silk?  What  is  the  chemical  com- 
position and  physical  properties  of  the  silk  at  this 
developmental  stage?  What  is  the  location  and 
structure  of  the  silk  glands  and  associated  struc- 
tures? Is  the  silk  gland  located  in  the  abdomen 
or  associated  more  closely  with  the  spigot  base? 

The  form  of  the  shaft  of  Types  I and  II  setae 
in  A.  unicolor  spiderlings  is  similar  to  that  of  the 
silk  spigots  and  all  of  these  shafts  lack  surface 
topography.  The  base  of  the  silk  spigot  is  strongly 
articulated  like  that  of  the  Type  I setae.  Although 
a highly  differentiated  base  exists  on  the  spigot 
it  is  not  as  rounded  as  that  of  the  Type  I setae. 
This  spigot  base  appears  to  be  an  intermediate 
between  that  of  Types  I and  II  setae  and  much 
more  like  a seta  base  than  is  the  case  in  the  adult 
instar. 

In  summary,  the  morphological  similarities 
between  the  silk  spigots  and  setae  of  first  instar 
Antrodiaetus  unicolor  spiderlings  support  the  hy- 
pothesis that  silk  spigots  have  evolved  from  setae 
and  may  suggest  that  silk  initially  functioned  as 
a sensory  mechanism.  The  non-articulated  shaft- 
base  junction  of  the  spigots  of  the  archaic  Li- 
phistiidae,  which  have  a long,  gradually  tapering, 
unsculptured  distal  shaft  that  merges  smoothly 
into  the  broad  conical  base  (Shear  et  al.  1989), 
have  been  considered  a primitive  feature.  How- 
ever, the  strong  articulation  at  the  base  of  the 
spiderling  spigot  suggests  that  the  liphistiid  spig- 
ot may  be  derived.  Additionally,  the  claw-tooth- 
like structures  observed  on  the  rudimentary  chel- 
iceral fang  support  the  hypothesis  that  the  fang 
is  homologous  to  the  claw  of  the  pedipalp. 
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ABSTRACT.  We  studied  the  seasonal  occurrence  of  forest-floor  spiders  by  collecting  samples  with  100  pitfall 
traps  operated  throughout  the  growing  season  of  1 985  in  a mature  coniferous  stand  in  southern  Finland.  Samples 
were  collected  at  five-day  intervals  in  May- August  and  at  longer  intervals  in  September-November.  The 
entire  sample  from  the  26  trapping  periods  consisted  of  6753  adult  spiders  of  100  species.  The  overall  abundance 
and  species  richness  was  highest  in  the  early  season,  May  and  June.  Seasonal  spider  catch  was  not  correlated 
with  fluctuations  in  temperature,  but  was  negatively  correlated  with  rainfall.  Nine  of  the  ten  abundant  species 
(>2%  of  the  sample  each)  belonged  to  the  family  Linyphiidae  {sensu  latd)  and  one  to  the  family  Agelenidae. 
Macrargus  rufus  (Wider)  was  the  most  abundant  species  comprising  approximately  Vs  of  the  sample  followed 
by  Lepthyphantes  alacris  (Blackwall)  (17%  of  the  sample).  The  activity  peaks  of  the  ten  abundant  species  were 
usually  short,  only  a few  weeks,  and  occurred  in  the  early  and  mid-season,  May-July.  Only  L.  alacris  was 
collected  every  trapping  period.  Although  numbers  of  males  clearly  exceeded  that  of  females  in  most  species, 
the  seasonal  occurrence  of  the  sexes  coincided.  Our  results  differ  somewhat  from  earlier  observations  about 
spider  phenology  in  Finland.  It  is  possible  that  this  discrepancy  depends  to  a great  extent  on  different  sampling 
methods  used. 


Conservation  issues  in  boreal  forests  have 
drawn  growing  attention  in  ecological  discus- 
sions since  the  1980’s  (e.  g.,  Bonan  & Shugart 
1989;  Mikkola  1991;  Hansson  1992;  Niemela  et 
al.  1993,  1994a).  This  concern  arises  from  the 
observation  that  in  many  parts  of  the  world  nat- 
ural boreal  forests  are  threatened  by  the  expand- 
ing forestry  activities  (Korsmo  1991;  Boyle  1992; 
Haila  1994).  Consequently,  there  is  a burning 
need  for  ecological  information  about  species  in 
boreal  forests  to  serve  as  baseline  data  in  as- 
sessment of  their  response  to  forestry  practices 
(Haila  et  al.  1987,  1994;  Niemela  et  al.  1988, 
1994b;  Esseen  et  al.  1992). 

In  spite  of  its  apparent  monotony,  the  boreal 
forest  includes  several  ’subsystems’  of  which  the 
litter  layer  with  its  decomposer  arthropods  is  an 
important  one.  On  the  forest  floor,  spiders  (Ara- 
neae)  are  an  ecologically  significant  group  (Jen- 
nings et  al.  1988)  because  of  their  role  in  regu- 
lating decomposer  populations  (Clarke  & Grant 
1968).  Therefore,  possible  changes  in  spider  as- 
semblages following  forestry  practices  are  of  im- 
portance to  the  whole  arthropod  fauna  of  the 
forest  floor  (Mclver  et  al.  1992).  The  estimation 
of  these  effects  is  hampered,  however,  by  the 
insufficient  knowledge  of  many  basic  life-history 
features  of  boreal  forest  spiders.  In  this  study  we 
focus  on  one  such  feature  of  these  spiders:  their 
seasonal  activity  pattern.  Adult  activity  period 


is  an  important  life  stage  and  thus  merits  de- 
scription. Our  phenology  description  is  based  on 
pitfall  samples  collected  continuously  through- 
out the  growing  season  in  a mature  coniferous 
forest  in  Finland.  We  also  compare  our  findings 
with  results  of  previous,  more  heterogeneous  data. 

METHODS 

Study  area.— The  spiders  were  collected  from 
the  Musturi  State  Forest  Reserve  (area  about  1 9 
ha)  in  northern  Hame,  ca.  8 km  SW  of  the  Hyyt- 
iala  Forestry  Station  {ca.  62°N,  24°E).  The  study 
area  is  located  on  the  border  between  the  south- 
ern boreal  and  middle  boreal  phytogeographical 
zones  (Ahti  et  al.  1968).  In  Musturi,  the  domi- 
nant tree  is  Norway  spruce  {Picea  abies),  with 
some  interspersed  Scots  pine  {Pinus  silvestris), 
aspen  {Populus  tremula),  birch  {Betula  spp.)  and 
mountain  ash  {Sorbus  aucuparid).  The  canopy 
spruces  are  mostly  over  1 40  years  old,  and  their 
mean  height  is  24  m,  mean  basal  area  37  mVha, 
and  canopy  cover  90%.  Abundant  herbaceous 
plants  include  Vaccinium  myrtillus,  V.  vitis-idae, 
Deschampsia  flexuosa,  Linnea  borealis,  Maian- 
themum  bifolium,  and  mosses  Dicranum  spp., 
Pleurozium  schreberi.  Polytrichum  spp.  The  study 
site  is  described  in  more  detail  by  Niemela  et  al. 
(1989,  1992). 

Sampling  design.— To  collect  the  spiders  we 
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Table  I.— Spider  catch,  number  of  species  and  the 
value  of  Hurlbert’s  (1971)  diversity  index  A,  during 
the  26  sampling  periods  in  the  Musturi  forest  in  1985. 
Catches  and  species  number  from  September  through 
November  are  standardized  to  5 trapping  days  which 
was  the  length  of  the  trapping  period  earlier  in  the 
season.  Sampling  was  started  on  1 1 May. 


Sample 

collected 

Spider 

catch 

Species 

number 

A, 

May  16 

962 

24 

0.52 

May  21 

483 

18 

0.63 

May  26 

74 

10 

0.74 

May  31 

867 

33 

0.85 

June  5 

327 

32 

0.86 

June  10 

374 

28 

0.86 

June  15 

280 

29 

0.87 

June  20 

205 

34 

0.85 

June  25 

397 

37 

0.79 

June  30 

273 

27 

0.73 

July  5 

434 

37 

0.80 

July  10 

429 

35 

0.80 

July  15 

494 

40 

0.80 

July  20 

156 

20 

0.72 

July  25 

96 

17 

0.73 

July  30 

119 

12 

0.67 

August  4 

24 

5 

0.66 

August  9 

45 

9 

0.68 

August  14 

36 

11 

0.84 

August  19 

68 

17 

0.85 

August  24 

88 

20 

0.82 

August  29 

97 

21 

0.82 

September  8 

27 

10.3 

0.86 

September  23 

24 

9.1 

0.86 

October  23 

32 

12.5 

0.90 

November  23 

19 

7.7 

0.79 

used  100  pitfall  traps  (plastic  cups,  diameter  65 
mm  and  volume  170  ml)  placed  ca.  5 m.  apart 
in  a grid  of  4 x 25  traps.  They  were  partially 
filled  with  water  and  NaOH  during  the  5 -day 
trapping  periods  in  the  summer,  and  with  eth- 
ylene glycol  during  the  longer  trapping  periods 
in  the  autumn.  To  keep  out  rainwater,  and  to 
keep  avian  and  mammalian  predators  from  the 
traps,  we  placed  small  metal  roofs  (10  x 10  cm) 
a few  centimeters  above  the  traps. 

Trapping  started  on  1 1 May  and  ended  on  23 
November  1985.  It  covered  the  whole  growing 
season  (permanent  daily  mean  temperature  > 5 
®C)  which  lasted  in  the  study  area  from  6 May 
through  26  October  (Finnish  Meteorological  In- 
stitute 1985).  The  traps  were  serviced  every  5 
days  until  29  August,  and  thereafter  on  8 Sep- 
tember, 23  September,  23  October  and  23  No- 
vember. We  used  temperature  and  rainfall  data 
from  the  meteorological  station  at  the  Hyytiala 
Forestry  Station  8 km  from  Musturi  (Finnish 
Meteorological  Institute  1991)  to  study  the  re- 
lationship between  temperature  and  rainfall,  and 
spider  catch. 

Pitfall  trapping  is  a widely  used  method  for 
sampling  ground-living  spiders  (e.  g.,  Tretzel 
1954;  Duffey  1962;  Koponen  1972,  1976;  Gran- 
strom  1 973;  Westerberg  1977;  Curtis  1 980;  Hauge 
& Wiger  1980;  Niemela  et  al.  1986;  Itamies  and 
Jarva-Karenlampi  1987,  1989;  Jennings  et  al. 
1988;  Mclver  et  al.  1992;  Topping  1993).  As 
pitfall-trap  catches  may  better  indicate  spider  ac- 
tivity than  density  (Topping  & Sunderland  1992), 
we  make  no  statements  about  density  variation 


Figure  1.— Number  of  spiders  (black  squares)  collected,  the  five-day  mean  temperatures  (open  circles),  and 
the  total  rainfall  (bars)  during  the  26  trapping  periods  in  Musturi  in  1985.  In  September-November  the  figures 
are  standardized  to  five  trapping  days,  which  was  the  length  of  the  trapping  period  earlier  in  the  season. 


NIEMELA-=  PHENOLOGY  OF  BOREAL  SPIDERS 


25 


Table  2.— Spearman  rank  correlation  (R,)  and  its  statistical  significance  (P)  between  the  seasonal  catches  of 
males  and  females  for  the  ten  most  abundant  species.  In  addition,  total  catches  of  the  species  in  May  1985, 
from  September  through  November  1985,  and  from  December  1985  through  early  May  1986  are  given. 


Rs 

P 

May 

1985 

Sept-Nov. 

1985 

Dec.-May 

1985-»86 

Linyphiidae 

Agyneta  conigera 

0.80 

<0.001 

0 

1 

0 

A.  ramosa 

0.69 

<0.001 

0 

0 

0 

Centromerus  arcanus 

0.42 

0.034 

17 

5 

15 

Lepthyphantes  alacris 

0.75 

<0.001 

589 

88 

245 

L.  antroniensis 

0.46 

0.019 

71 

0 

17 

L.  tenebricola 

0.82 

<0.001 

0 

42 

2 

Macrargus  rufus 

0.24 

0.243 

1018 

72 

282 

Erigonidae 

Diplocentria  bidentata 

0.54 

0.005 

36 

1 

9 

Tapinocyba  pallens 

0.81 

<0.001 

61 

2 

14 

Agelenidae 

Cryphoeca  silvicola 

0.66 

<0.001 

280 

3 

38 

but  focus  on  species-specific  seasonal  activity 
patterns.  Although  species  are  expected  to  vary 
in  their  tendency  to  be  trapped  (e.  g.,  Heydemann 
1961,  Eluhta  1971),  we  assume  that  the  species- 
specific  trappabilities  remain  stable  enough 
throughout  the  season  to  warrant  comparisons 
within  species. 

We  used  Hurlbert’s  (1971)  index  Aj  to  study 
species  diversity  during  the  trapping  season: 

A,  = (N/N  - 1)^1  - 2 nf 

where  N = total  number  of  individuals  in  the 
sample,  N,  = the  number  of  individuals  of  the 
/th  species  in  the  sample,  H,  = N/N,  S = the 
number  of  species  in  the  sample.  Index  values 
range  from  0 (low  diversity)  to  1 (high  diversity). 

RESULTS 

The  spider  assemblage. — The  total  spider 
sample  from  Musturi  comprised  6753  adult  in- 
dividuals of  1 00  species.  The  catches  were  high- 
est in  May  and  decreased  thereafter  towards  au- 
tumn (Table  1,  Fig.  1).  From  mid-July  onwards 
the  catches  decreased  rapidly  and  in  August  were 
only  about  of  the  peak  abundance  in  the  early 
season.  Species  richness  showed  a slightly  dif- 
ferent pattern  with  a low  in  May,  and  high  from 
late  May  through  mid-July  (Table  1).  In  addition, 
there  was  a smaller  peak  in  late  August.  Species 
diversity,  Hurlbert’s  (1971)  index  Ai,  was  lowest 
in  May,  increasing  rapidly  thereafter.  The  index 


value  remained  high  through  the  rest  of  the  sea- 
son except  for  a low  in  late  July  and  early  August 
(Table  1). 

During  May  the  spider  catch  appeared  to  fol- 
low fluctuations  in  the  five-day  mean  tempera- 
tures at  the  nearby  Hyytiala  Forestry  Station  (Fig. 
1).  Very  low  catch  in  the  third  trapping  period 
in  May  was  caused  by  cold  weather.  However, 
later  on  the  close  correlation  between  spider  catch 
and  temperature  disappeared;  and  there  was  no 
correlation  between  the  spider  catch  and  the  tem- 
perature across  the  season  (Spearman  rank  cor- 
relation R,  = 0.20,  ns,  n = 26).  We  calculated 
Spearman  rank  correlations  separately  for  early 
part  of  the  season  (May  1 1-July  15)  and  for  the 
late  season  (July  20-November  23)  to  examine 
whether  the  response  of  spiders  to  temperature 
changes  during  the  summer,  but  there  were  no 
statistically  significant  correlations  {R,  = 0.25,  P 
= 0.410,  «=  13,  and  R,  = 0.47,  F = 0.104,  « = 
1 3 for  early  and  late  season,  respectively).  How- 
ever, a significantly  negative  correlation  was  de- 
tected between  spider  catches  and  rainfall  across 
the  season  (Spearman  rank  correlation  R^  = 
-0.57,  P = 0.002,  n = 26).  There  was  no  cor- 
relation between  temperature  and  rainfall  {R,  = 
-0.02,  0.917,  n = 26). 

Forest  floor  spiders  can  be  roughly  divided 
into  two  ’guilds’  based  on  their  foraging  behav- 
ior: visual-pursuit  hunting  species,  and  microw- 
eb-building species  (e.  g.,  Huhta  1971;  Pajunen 
1988;  Mclver  et  al.  1992).  In  our  data,  species 
richness  of  web-spinning  species  was  much  high- 
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Figure  2.— Number  of  females  (triangles)  and  males  (circles)  of  each  of  the  ten  most  abundant  spider  species 
(each  > 2%  of  the  catch)  collected  during  the  26  trapping  periods  in  Musturi  in  1985.  Samples  from  September 
through  November  are  standardized  to  five  trapping  days  which  was  the  length  of  the  trapping  period  earlier  in 
the  season.  Note  the  different  scales  of  the  vertical  axes. 


er  (73  species)  than  that  of  hunting  spiders  (27 
species).  Of  the  10  abundant  species  treated  sep- 
arately below,  only  one  {Cryphoeca  silvicola  (C. 
L.  Koch))  was  probably  a hunting  spider;  all  oth- 
ers being  web-builders.  These  two  ’guilds’  had 
similar  seasonal  activity  patterns. 

Activity  patterns  of  the  species.— Ten  species 
dominated  the  sample  (>2%  of  the  catch  each) 
and  made  up  77%  of  the  total  catch.  Lepthy- 
phantes alacris  (Blackwall)  and  Macrargus  rufus 
(Wider)  constituted  almost  half  (48%)  of  the  catch 
and  they  were  4.7  and  2.5  times  more  numerous, 
respectively,  than  the  third  most  abundant  spe- 


cies Lepthyphantes  tenebricola  (Wider).  In  ad- 
dition to  these  ten  species,  another  17  species 
were  fairly  numerous  (>26  individuals,  i.  e.,  on 
average  > 1 specimens  per  trapping  period)  and 
accounted  for  1 7%  of  the  catch  (species  are  listed 
in  Table  3).  The  great  majority  of  the  species  (73 
species)  were  occasional,  being  represented  by  a 
total  of  435  individuals  (6%  of  the  catch). 

Most  of  the  abundant  spider  species  showed  a 
short  activity  peak  of  only  a few  weeks  during 
the  season  (Fig.  2).  Many  species  peaked  early 
in  the  season  (May-June),  some  in  the  middle 
(July),  but  none  in  the  later  part  of  the  growing 
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Table  3.— Catches  of  the  17  less  abundant  species  (>26  individuals  in  total)  by  month  in  Musturi.  The  catches 
are  standardized  to  20  trapping-days  and  rounded  to  closest  integer;  0 < 0.5,  — = not  collected. 


May 

June 

July 

August 

Sept. 

Oct-Nov. 

Total 

Linyphiidae 

Microneta  viaria 

18 

21 

11 

1 

0 

51 

Agyneta  subtilis 

1 

25 

41 

— 

— 

— 

67 

Oreonetides  vaginatus 

8 

15 

3 

- 

0 

26 

Allomengea  scopigera 

— 

- 

— 

43 

26 

7 

76 

Drapetisca  socialis 

— 

— 

-- 

1 

7 

6 

14 

Helophora  insignis 

— 

— 

3 

2 

9 

14 

Porrhomma  pallidum 

7 

3 

9 

3 

1 

4 

27 

Erigonidae 

Trichopterna  mengei 

78 

8 

15 

3 

2 

1 

107 

Walckenaeria  cucullata 

31 

35 

2 

— 

— 

— 

68 

W.  cuspidata 

42 

10 

1 

1 

1 

1 

55 

W.  dysderoides 

17 

6 

- 

— 

0 

23 

W.  obtusa 

13 

31 

3 

— 

1 

0 

48 

W.  antica 

13 

9 

1 

1 

— 

0 

24 

Dicymbium  tibiale 

22 

25 

12 

- 

- 

- 

59 

Lycosidae 

Pardosa  lugubris 

1 

37 

29 

3 

- 

- 

70 

Therididae 

Robertas  lividus 

- 

15 

17 

- 

1 

2 

35 

Gnaphosidae 

Haplodrassus  soerenseni 

- 

32 

25 

- 

- 

- 

57 

Total 

233 

283 

175 

59 

41 

30 

821 

season  (August  onwards).  For  most  species  the 
activity  is  almost  entirely  due  to  males,  and  num- 
bers of  males  clearly  exceeded  that  of  females  in 
all  species  except  L.  alacris  (Fig.  2).  The  seasonal 
occurrence  of  the  sexes  coincided  for  all  species 
except  M.  rufus,  which  was  very  abundant  the 
first  trapping  period  but  disappeared  rapidly  from 
the  samples  thereafter  (Table  2). 

Lepthyphantes  alacris  was  the  only  species  col- 
lected every  trapping  period,  whereas  its  con- 
gener, Lepthyphantes  tenebricola  (Wider)  did  not 
appear  until  in  June  (Fig.  2).  Similarly,  Agyneta 
conigera  (O.  P.-Cambridge)  dirvd  Agyneta  ramosa 
Jackson  did  not  appear  until  mid-June,  and 
peaked  shortly  from  late  June  through  mid-July. 

C.  arcanus,  L.  alacris,  L.  antroniensis,  M.  ru- 
fus, T.  pallens,  and  C.  silvicola  that  peaked  in 
the  early  season  had  fairly  high  catches  the  fol- 
lowing May  in  traps  that  were  operated  through- 
out the  winter  and  collected  right  after  snow-melt 
(Table  2).  This  observation  confirms  our  finding 
that  these  species  indeed  are  active  in  the  early 
season.  Species  peaking  later  in  the  season  (A. 
ramosa,  A.  conigera,  D.  bident ata,  L.  tenebri- 


cola) did  not  have  especially  high  catches  in  the 
sample  collected  the  following  spring. 

Due  to  small  catches,  it  was  necessary  to  pool 
the  catch  of  each  of  the  1 7 less  abundant  species 
by  month.  Thirteen  of  these  species  occurred  pre- 
dominantly in  the  early  and  mid-season,  May- 
July  (Table  3).  Three  species  occurred  in  the  late 
season  (August  onwards)  and  one  occurred 
throughout  the  season.  Some  congeneric  species 
tended  to  have  similar  seasonal  occurrence.  For 
instance,  all  Walckenaeria  species  occurred  pre- 
dominantly in  the  early  season  and  Agyneta  spe- 
cies in  the  mid-season  (Table  3,  Fig.  2).  However, 
each  of  the  three  abundant  Lepthyphantes-spQ- 
cies  showed  quite  a different  activity  pattern. 

The  results  presented  above  were  based  on  a 
one-year  study,  but  we  have  collected  additional 
data  from  the  same  site  in  the  years  1986-1989, 
and  we  can  thus  estimate  the  reliability  of  our 
observations  in  1985.  As  the  samples  were  col- 
lected less  frequently  in  1986-1989  (every  four 
weeks)  and  using  fewer  traps  (64)  the  resulting 
pattern  of  seasonal  occurrence  is  not  as  detailed 
as  in  1985.  However,  a comparison  among  the 
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Table  4.— -Monthly  catches  of  the  ten  most  abundant  spider  species  in  1985-1989. 


May 

June 

July 

August 

Total 

Macrargus  rufus 

1985 

1018 

21 

9 

12 

1060 

1986 

3 

16 

15 

2 

36 

1987 

416 

14 

2 

3 

435 

1988 

252 

24 

11 

4 

291 

1989 

67 

11 

15 

7 

100 

Cryphoeca  silvicola 

1985 

280 

117 

3 

4 

404 

1986 

4 

0 

0 

0 

4 

1987 

147 

29 

0 

1 

177 

1988 

39 

3 

0 

1 

43 

1989 

21 

1 

0 

0 

22 

Lephthyphantes  antroniensis 

1985 

71 

52 

6 

1 

130 

1986 

3 

1 

0 

0 

4 

1987 

10 

6 

0 

0 

16 

1988 

1 

0 

0 

0 

1 

1989 

1 

1 

1 

0 

3 

Centromerus  arcanus 

1985 

17 

199 

21 

0 

237 

1986 

57 

10 

0 

0 

67 

1987 

12 

88 

2 

1 

103 

1988 

33 

8 

0 

0 

41 

1989 

73 

42 

3 

4 

122 

Tapinocyba  pallens 

1985 

61 

133 

7 

0 

201 

1986 

2 

0 

0 

0 

2 

1987 

2 

6 

0 

0 

8 

1988 

1 

0 

0 

0 

1 

1989 

4 

2 

0 

0 

6 

Diplocentria  bidentata 

1985 

36 

101 

34 

3 

174 

1986 

4 

1 

1 

0 

6 

1987 

5 

17 

2 

1 

25 

1988 

0 

1 

0 

1 

2 

1989 

15 

3 

5 

4 

27 

Lephthyphantes  alacris 

1985 

589 

604 

698 

109 

2000 

1986 

52 

122 

134 

11 

319 

1987 

125 

99 

96 

9 

329 

1988 

39 

70 

22 

26 

157 

1989 

327 

329 

227 

19 

902 

Lepthyphantes  tenebricola 

1985 

0 

31 

284 

87 

402 

1986 

0 

7 

18 

1 

26 

1987 

0 

15 

24 

7 

43 

1988 

0 

40 

29 

47 

116 

1989 

0 

12 

21 

22 

55 

Agyneta  conigera 

1985 

0 

12 

198 

3 

213 

1986 

0 

23 

12 

0 

35 

1987 

0 

1 

14 

0 

15 

1988 

0 

3 

0 

0 

3 

1989 

0 

15 

8 

0 

23 

Agyneta  ramosa 

1985 

0 

44 

90 

0 

134 

1986 

11 

52 

1 

0 

64 

1987 

1 

49 

12 

0 

62 

1988 

0 

18 

0 

0 

18 

1989 

0 

32 

2 

0 

34 
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Table  5.— The  time  of  highest  catch  of  the  ten  most  abundant  species  in  our  data  and  according  to  Palmgren 
(1972)  and  Huhta  (1965,  1971).  Early  season  includes  April-May,  mid-season  June  and  July,  and  late  season 
August-No vember.  However,  Palmgren  (1972)  does  not  define  the  seasons  using  months.  (— ) indicates  that  the 
species  was  not  collected  or  was  so  rare  that  no  inferences  about  phenological  occurrence  can  be  made. 


Present  study 

Palmgren  (1972) 

Huhta  (1965,  1971) 

Linyphiidae 

Macrargus  rufus 

early  season 

increasing  toward  late 
season 

increasing  toward  late 
season 

L.  alacris 

early  to  mid-season 

early  and  mid-season 

__ 

L.  antroniensis 

early  season 

_ 

L.  tenebricola 

mid  to  late  season 

early  to  mid-season 

_ 

Centromerus  arcanus 

early  season 

early  and  late  season 

throughout  the  season, 
low  in  July  and  August 

Agyneta  conigera 

mid"  season 

early  and  mid-season 

A.  ramosa 

mid-season 

mid-season 

- 

Agelenidae 

Cryphoeca  silvicola 

early  season 

throughout  the  season 

- 

Erigonidae 

Tapinocyba  pallens 

early  season 

early  and  late  season 

throughout  the  season, 
low  in  June  and  July 

Diplocentria  bidentata 

early  season 

late  season 

throughout  the  season, 

low  in  August 

years  indicated  that  the  seasonal  activities  of  the 
species  were  similar  in  1 985  and  in  the  later  years 
despite  great  variation  in  catches  among  the  years 
(Table  4). 

DISCUSSION 

The  sample  from  Musturi  was  quite  similar  to 
a pitfall  sample  from  a survey  of  24  mature  forest 
fragments  in  northern  Hame  in  1984  (Pajunen 
1988).  The  short  trapping  period  (five  days  in 
early  June)  in  the  fragment  survey  may  at  least 
partly  explain  their  low  species  richness  (70  spe- 
cies) as  compared  to  Musturi  (100  species).  Most 
of  the  22  species  collected  in  Musturi  but  not  in 
the  survey  occurred  after  June.  Only  1 1 species 
collected  in  the  survey  were  not  found  in  Mus- 
turi. The  most  numerous  species  in  both  data 
sets  was  L.  alacris,  and  a majority  of  the  abun- 
dant species  were  common  to  Musturi  and  the 
survey.  Thus,  the  spider  assemblage  in  Musturi 
is  representative  of  the  spider  fauna  of  southern 
and  central  Finnish  boreal  forest.  Furthermore, 
in  the  Musturi  assemblage,  the  clear  numerical 
dominance  of  web-building  spiders  {ca.  90%  of 
the  catch)  over  hunting  spiders  is  typical  in  ma- 
ture boreal  forest  (e.  g.,  Huhta  1 965,  1 97 1 ; Palm- 
gren & Bistrom  1979;  Vaisanen  and  Bistrom 
1 990),  and  also  in  subarctic  pine  and  birch  forest 
in  (Koponen  1975,  1976). 


In  our  study,  the  maximum  of  spider  activity 
and  species  richness  occurred  from  May  through 
early  July.  A similar  pattern  of  high  activity  in 
the  early  season  was  reported  for  carabids  in 
Musturi  (Niemela  et  al.  1 989).  It  has  been  shown 
that  carabids  are  most  active  during  the  repro- 
ductive period  (Loreau  1985),  and  this  has  been 
suggested  for  spiders  as  well  (Huhta  1965).  For 
carabids,  Niemela  et  al.  ( 1 989)  hypothesized  that 
perhaps  the  short  growing  season  of  the  north 
drives  species  into  early  reproduction,  resulting 
in  concomitant  high  adult  activity,  thus  giving 
the  larvae  enough  time  to  complete  their  devel- 
opment or  reach  the  right  larval  stage  for  over- 
wintering. A similar  explanation  may  apply  to 
spiders  and  is  strongly  suggested  by  the  preva- 
lence of  male  spiders  in  the  traps. 

Palmgren  (1972)  divided  spider  species  from 
different  habitats  in  southern  Finland  into  13 
types  by  seasonal  occurrence.  The  most  predom- 
inant type  in  Palmgren’s  (1972)  classification  was 
species  peaking  in  early  season:  such  species  con- 
stituted about  one  third  of  his  227  classified  spe- 
cies. The  seasonal  occurrence  of  some  species 
was  also  analyzed  by  Huhta  (1965,  1971). 

Our  findings  of  seasonal  occurrence  corre- 
sponded fairly  well  to  those  reported  by  Huhta 
(1965,  1971)  and  Palmgren  (1972)  for  L.  alacris, 
C.  arcanus,  T.  pallens,  A.  conigera  and  A.  ra- 
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mosa.  However,  for  M.  rufus,  C.  silvicola,  D. 
bidentata  and  L.  tenebricola  our  results  differed 
from  those  reported  by  Palmgren  and  Huhta  (Ta- 
ble 5).  L.  antroniensis  was  not  reported  by  Huhta 
(1965,  1967)  or  Palmgren  (1972).  These  discrep- 
ancies in  seasonal  occurrence  may  in  part  be  ex- 
plained by  the  different  sampling  methods  used. 
Pitfall  trapping  is  based  both  on  activity  and 
abundance  of  the  spiders  (Topping  & Sunderland 
1992),  whereas  litter  extraction  used  by  Huhta 
(1965,  1971)  and  sieving  of  litter  by  Palmgren 
(1972)  record  specimens  present  in  the  litter  at 
the  time  of  sampling.  As  time  of  highest  activity 
and  highest  density  may  not  coincide,  these  two 
methods  may  give  different  results  in  terms  of 
seasonal  occurrence  (Huhta  1971;  Topping  & 
Sunderland  1992).  In  addition,  litter  sampling 
may  underestimate  spider  densities  during  the 
activity  peaks  because  mobile  and  large  speci- 
mens are  not  easily  captured  by  these  methods 
(Heydemann  1961).  On  the  other  hand,  the  sea- 
sonal occurrence  of  the  four  species  {A.  conigera, 
D.  bidentata,  L.  tenebricola,  L.  alacris)  trapped 
by  pitfalls  in  our  study  and  by  Koponen  (1976) 
in  Lapland  was  similar.  Furthermore,  high  spider 
activity  and  species  richness  in  the  early  season 
was  reported  from  pitfall  samples  from  spruce 
forests  in  Maine  (Jennings  et  al.  1988),  and  from 
grasslands  in  England  (Duffey  1962;  Topping  & 
Sunderland  1992). 

It  is  worth  noting  that  the  seasonal  patterns  of 
the  same  species  in  Palmgren’s  (1972)  study  from 
the  southern  coast  of  Finland  and  in  Huhta’s 
(1965,  1971)  studies  from  forests  in  central  Fin- 
land were  fairly  similar  (Table  5)  indicating  that 
species  phenology  remains  constant  in  different 
geographical  areas.  This  observation  also  implies 
that  the  dissimilarity  of  our  results  with  Huhta’s 
and  Palmgren’s  observations  was  indeed  due  to 
different  sampling  methods. 

To  conclude,  there  was  a great  deal  of  variation 
in  the  seasonal  occurrence  of  spiders  and  in  spe- 
cies richness  over  the  growing  season  in  our  study 
forest.  However,  the  seasonal  activity  patterns 
remained  similar  through  several  years  indicat- 
ing that  our  observations  are  representative  of 
mature,  spruce-dominated  taiga  of  the  southern 
boreal  zone. 
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FIELD  OBSERVATIONS  ON  THE  POPULATION  STRUCTURE 
OF  THREE  CTENID  SPIDERS 
{CUPIENNIUS,  ARANEAE,  CTENIDAE) 


Martin  Schuster,  Dieter  Baurecht,  Erich  Mitter,  Alain  Schmitt  and  Friedrich  G. 

Barth:  Institut  fur  Zoologie,  Abteilung  Neurobiologie,  Universitat  Wien,  Althanstr. 
14,  A- 1090  Wien,  Austria 

ABSTRACT.  The  population  structure  of  three  large  species  of  the  genus  Cupiennius  was  evaluated.  Although 
solitary,  45%  of  C.  coccineus,  40%  of  C.  salei  and  30%  of  C.  getazi  spiders  were  found  on  plants  together  with 
one  or  more  conspecifics.  The  adult  sex  ratio  (males  : females)  was  1:1.2  for  C.  salei  (1989,  n = 52),  1:1.3  for 
C.  coccineus  (1990,  n = 15)  and  1:1.6  for  C.  getazi  (1990,  n = 29).  The  ratio  of  adults  : immatures  was  1:0.5 
for  C.  salei,  1 : 1 .8  for  C.  coccineus  and  1 : 1 3 for  C.  getazi.  The  two  sympatric  species,  C.  coccineus  and  C.  getazi, 
sometimes  occur  on  the  same  plants  and  are  therefore  considered  syntopic.  In  all  three  species  spider  density 
is  correlated  with  the  number  of  the  retreats  offered  by  their  dwelling  plants.  We  found  up  to  0.2  adults/plant 
for  C.  salei  and  0.3  adults  per  plant  for  C.  coccineus  and  C.  getazi.  Cupiennius  spiders,  particularly  the  males, 
change  their  dwelling  plants  quite  often.  On  average,  C.  salei  males  could  only  be  found  for  0.5  day  on  the  same 
plant  without  interruption  (five  days  observation  time),  C.  coccineus  males  for  one  day  (21  days  observation 
time)  whereas  females  with  eggsacs  of  these  two  species  stay  significantly  longer  (3.5  days  and  8 days,  respectively; 
21  days  observation  time).  Considering  the  rather  high  population  density  and  the  frequent  changes  of  the 
dwelling  plants  (the  males  in  particular),  interactions  between  spiders  seem  very  likely.  In  the  lab,  male  com- 
petition in  addition  to  courtship  between  the  sexes  is  elicited  by  male  vibratory  courtship  signals.  Overt  fights 
between  males  were  observed  in  the  field. 


Wandering  spiders  of  the  genus  Cupiennius 
Simon  1891  (Araneae,  Ctenidae)  are  solitary  and 
nocturnal.  They  live  on  monocots,  such  as  bro- 
meliads  and  banana  plants.  The  leaves  of  these 
plants  provide  protective  retreats  for  the  spiders 
at  their  base  where  they  form  narrow  spaces 
(chalices)  with  openings  only  at  their  upper  side 
(see  Fig.  2).  During  the  day  the  animals  hide  in 
these  spaces  (Barth  et  al.  1988b).  At  night  the 
spiders  come  out  of  their  retreats  to  ambush,  to 
prey  and  to  court  on  their  dwelling  plants.  Upon 
contact  with  female  silk,  the  male  is  aroused  and 
emits  vibratory  courtship  signals.  These  are 
propagated  across  the  plant  and  elicit  vibratory 
responses  in  a female  if  she  is  motivated  and 
within  the  reach  of  the  male  vibrations  (Barth 
1985;  Rovner  & Barth  1981).  The  male  courtship 
signals  elicit  competition  behavior  in  other  males. 
Rivals  approach  each  other  and  fight,  the  winner 
then  copulates  with  the  female  (Schmitt  et  al. 
1992).  Adult  Cupiennius  males  show  higher  lo- 
comotor activities  than  females  without  an  egg- 
sac.  It  is  suggested  that  this  is  due  to  sexually 
motivated  searching  behavior  (Schmitt  et  al. 
1990).  Between  the  sympatric  species  C.  cocci- 


neus  and  C.  getazi  several  ethological  mating- 
barriers  are  known  to  exist  and  only  1 3%  of  the 
females  of  these  two  species  respond  to  the  court- 
ship signals  of  males  of  the  other  species  (Barth 
& Schmitt  1991). 

The  study  of  questions  related  to  sexual  selec- 
tion (Schmitt  et  al.  1990,  1992)  and  species  rec- 
ognition (Barth  & Schmitt  1991),  which  are  cur- 
rently the  focus  of  our  interest,  requires  not  only 
quantitative  analysis  of  behavior  in  the  labora- 
tory as  mentioned  above  but  also  information 
on  the  density  and  structure  of  spider  popula- 
tions and  information  on  intra-  and  interspecific 
interactions  in  the  field.  Do  the  spiders  live 
densely  enough  to  make  male-male  interactions 
likely?  When  males  meet,  do  they  actually  fight 
for  females,  as  shown  in  the  lab?  In  search  for 
females,  do  males  change  their  dwelling  plants 
more  often  than  females?  Do  the  sympatric  spe- 
cies actually  share  their  dwelling  plants,  i.  e.,  are 
they  syntopic? 

Here  we  report  on  field  observations  made  in 
Central  America  on  the  three  large  species  of  the 
genus,  C.  salei,  C.  coccineus  and  C.  getazi  (Lach- 
muth  et  al.  1984).  The  ranges  of  C.  salei  and  of 
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Table  1 . — Population  densities  of  three  Cupiennius  species  (maxima  observed  in  the  wild).  ( 1 ) Musa  sapientium 
(n  = 167);  (2)  Aechmea  mexicana  (n  = 86);  (3)  Aechmea  maria  reginae  (n  = 12),  Vrisea  regalis  {n  = 14);  (4) 
Aechmea  mexicana  (1989:  « = 17;  1990:  n = 37),  Guzmania  zani  (n  = 8);  (5)  Xanthosoma  sagiitifolium  (1989: 
n = 46;  1990:  n = 144);  (6)  Gynerium  sagittatum;  —data  not  available. 


Spiders 

Plants 

Year 

Adults 

(«) 

All 

(/2) 

Density  of  adults 
per 

m2  plant  retreat 

Density  of 
all  spiders 
per 

m2  plant  retreat 

C salei 

banana  plants 

(1) 

1989 

37 

47 

0.04 

0.2 

0.2 

0.1 

0.3 

0.3 

bromeliads 

(2) 

1989 

15 

35 

1.7 

0.2 

- 

3.9 

0.4 

C.  coccineus 

bromeliads  A 

(3) 

1989 

8 

25 

0.3 

0.3 

_ 

0.8 

1.1 

1990 

5 

26 

0.2 

0.2 

0.01 

0.9 

1.0 

0.04 

bromeliads  B 

(4) 

1989 

8 

12 

0.5 

0.3 

0.8 

0.5 

1990 

5 

10 

0.3 

0.1 

0.01 

1.5 

0.2 

0.03 

C.  getazi 

Araceae 

(5) 

1989 

14 

42 

0.5 

0.3 

_ 

1.4 

0.9 

_ 

1990 

14 

189 

0.1 

0.1 

0.01 

1.1 

1.3 

0.2 

Poaceae 

(6) 

1989 

0 

0 

0.0 

0.0 

_ 

1990 

9 

54 

0.5 

- 

- 

2.8 

- 

- 

the  other  two  species  do  Eot  overlap  whereas  C. 
coccineus  and  C.  getazi  live  sympatrically  (Barth 
etal  1988b). 

METHODS 

Spiders  were  observed  mainly  during  the  night 
between  1900  h and  2400  h.  This  is  the  period 
of  maximum  locomotor  activity  (Barth  & Sey- 
farth  1979;  Schmitt  et  al.  1990)  when  the  spiders 
leave  their  retreats  to  prey  and  court  on  the  leaf 
surfaces.  Plants  with  easy-to-inspect  retreats,  such 
as  those  of  Xanthosoma  and  Musa,  were  searched 
for  spiders  during  the  day,  too.  In  accordance 
with  our  experience  in  the  field  all  leaf  bases 
forming  openings  20  mm  or  more  in  width  were 
considered  potential  retreats.  Spiders  were 
marked  with  small  color  spots  (correction  fluid) 
on  their  prosoma  and/or  opisthosoma  and/or  legs. 

Cupiennius  Observations  were  carried 

out  in  Mexico  (Fortin  de  las  Flores  in  the  state 
of  Veracruz)  between  10-14  February  1989.  We 
investigated  an  untended  patch  (9  m^)  of  86  bro- 
meliads  (for  names  of  plant  species  see  Table  1) 
and  an  untended  site  of  banana  plants  (1000  m^), 
the  latter  forming  24  groups  each  consisting  of 
3-15  individual  plants.  The  banana  plants  were 
up  to  six  m high.  We  searched  for  spiders  up  to 
a height  of  approximately  two  meters.  We  count- 
ed the  number  of  individuals  found  in  the  24 
groups  of  banana  plants  (9  counts  in  4 days)  and 
correlated  the  mean  number  of  spiders  of  each 
group  with  the  number  of  plants  and  retreats. 


Cupiennius  coccinem. of  this  species 
were  observed  in  the  south-west  of  Costa  Rica 
at  the  Wilson  Botanical  Garden  of  the  Organi- 
sation for  Tropical  Studies  (OTS),  near  San  Vito, 
Goto  Bms,  between  5-15  March  1989  and  be- 
tween 3 January-25  February  1990.  Two  patches 
with  bromeliads  planted  on  the  ground  (A  = 30 
m2,  B = 1 5 m2,  see  Table  1)  and  four  small  groups 
of  banana  plants  were  investigated.  Most  of  the 
bromeliads  had  been  untended  from  two  months 
prior  to  our  investigations  onward.  In  patch  B, 
20  bromeliads,  which  had  been  planted  only  three 
days  before  investigations  in  1990  started,  were 
not  treated  separately  from  the  untended  bro- 
meliads  in  our  observations.  In  a homogeneous 
group  of  12  bromeliads  {Vrisea  regalis,  part  of 
patch  A)  the  plants  were  assigned  to  two  cate- 
gories based  on  the  number  of  retreats  (category 
1:  < 21,  category  2:  > 21  retreats;  6 plants  per 
category).  The  mean  numbers  of  animals  en- 
countered on  each  plant  and  day  (x)  of  both  cat- 
egories were  compared.  C.  coccineus  was  also 
observed  at  the  OTS  station  in  La  Selva  and  near 
Cahuita,  Costa  Rica  and  near  Colon  and  Por- 
tobello  in  Panama  (for  details  see  below). 

Cupiennius  getazi.— 'We  observed  C.  getazi  in 
the  north-east  of  Costa  Rica  at  the  La  Selva  Bi- 
ological Station  of  the  OTS  between  the  26-27 
February  1989  and  between  the  March  1 -April 
6,  1990.  Data  were  obtained  from  four  patches 
(1989:  30  m2,  1990:  98, 46,  and  28  m2)  in  a dense 
stand  of  Xanthosoma  and  from  a 20  m2  patch  in 
a temporary  swamp  covered  with  grass  in  the 
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primary  forest  (see  Table  1).  The  swamp  had 
dried  up  four  weeks  and  one  week  before  our 
investigations  in  1989  and  1990,  respectively. 
We  searched  for  spiders  along  roughly  2000  m 
( 1 989)  and  3000  m ( 1 990)  of  wayside  of  the  trails 
of  La  Selva  up  to  a height  of  approximately  two 
meters.  Several  small  groups  of  banana  plants 
near  the  forest  were  also  investigated. 

All  Xanthosoma  patches  were  examined  for 
spiders  three  times  within  a week,  except  one 
patch  which  was  examined  only  once  in  1990. 
The  number  of  spiders  per  plant  and  the  number 
of  retreats  per  plant  did  not  differ  significantly 
among  the  patches.  For  each  year  we  summed 
up  all  counts  of  all  patches  in  order  to  get  suffi- 
cient data  for  statistical  analysis,  resulting  in  a 
total  of  1 35  plants  and  94  spider  counts  in  1 989, 
and  507  plants  and  326  spider  counts  in  1990. 
The  plants  were  grouped  to  form  seven  categories 
having  from  2-8  retreats  per  plant. 

C.  getazi  spiders  were  also  observed  near  Co- 
lon in  the  Panama  Canal  Zone  on  grass  at  the 
edge  of  a forest  (150  m^),  near  Portobello,  Pan- 
ama, in  a patch  densely  overgrown  with  Xan- 
thosoma and  Heliconia  (800  m^)  and  near  Ca- 
huita,  Costa  Rica,  in  a patch  very  similar  to  that 
of  Portobello  (900  m^).  These  patches,  in  which 
we  expected  C.  getazi  to  live  syntopically  with 
C.  coccineus,  could  be  searched  for  spiders  only 
once. 

RESULTS 

Cupiennius  salei. —The  dense  bromeliad  patch 
in  Fortin  de  las  Flores  had  the  highest  population 
density  found  for  any  of  the  Cupiennius  species 
(adults:  \.l/vX;  total:  3.9/m2;  Table  1).  On  ba- 
nana plants,  population  density  is  highly  corre- 
lated with  the  number  of  the  available  retreats 
(Pearson’s  r = 0.87,  « = 24,  P < 0.001).  The 
number  of  spiders  and  the  number  of  available 
plants  are  more  weakly  correlated  (r  = 0.47,  = 

24,  P < 0.05). 

The  sex  ratio  of  adults  was  1:1.2  (males  : fe- 
males; n = 52).  Of  all  the  spiders  observed,  32% 
were  juveniles.  Each  time  we  found  a spider  we 
recorded  the  simultaneous  presence  of  conspe- 
cifics  on  the  same  plant.  All  counts  were  summed 
(Fig.  1).  Most  of  the  juveniles  were  found  alone 
on  their  dwelling  plants,  but  about  28%  and  1 8% 
of  the  adults  were  found  to  share  their  dwelling 
plant  with  conspecific  females  and  males,  re- 
spectively (Fig.  1).  We  also  observed  two  males 
courting  and  fighting  close  to  a retreat  occupied 
by  a female  (Fig.  2). 


□ alone  Swith  juveniles  H with  9 Ewithcf 

Figure  L— Co-occurrence  of  conspecific  individuals 
on  the  same  plant  (banana  plants,  bromeliads,  yantia 
plants  {Xanthosoma))  evaluated  for  three  species  of  the 
genus  Cupiennius.  N = number  of  observed  spiders,  n 
= number  of  observations.  C.  salei:  N = 47,  n = 47; 
C.  coccineus:  N = 107,  « = 673;  C.  getazi:  N = 146, 
n = 334. 

Females  of  C.  salei  carrying  an  eggsac  usually 
close  their  retreat  firmly  with  a sheet-web  and 
do  not  leave  it  until  the  spiderlings  hatch  (Mel- 

chers  1963).  In  two  cases,  however,  we  observed 
males  courting  and  then  copulating  with  a female 
carrying  an  eggsac. 

For  how  long  do  spiders  dwell  on  the  same 
plant  without  interruption  (hereafter  called  res- 
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Figure  2.—C.  salei  spiders  found  on  a group  of  banana  plants.  The  locations  of  females,  males  and  juveniles 
are  shown  over  a period  of  five  days.  Two  of  the  females  built  an  eggsac  during  the  observation  period.  Two 
males  were  fighting  close  to  a female  sitting  in  her  retreat  (see  asterisk).  All  observations  were  made  at  night. 


idence  time)?  On  banana  plants  (observation  time 
five  days),  females  with  eggsacs  stay  significantly 
longer  than  both  females  without  an  eggsac  and 
males;  females  with  eggsac:  median  = 3.5  days, 
range  1.5-5  days,  « = 7;  females  without  eggsac: 
0.5  day,  0.5--5  days,  ^ = 16;  males:  0.5  day,  0.5^ 
3.5  days,  « = 14;  (^^=  2,  P < 0.005;  Kruskal- 
Wallis  analysis  of  variance,  Siegel  & Castellan 
1988).  Residence  times  of  females  without  eggsac 
and  of  males  do  not  differ  from  each  other  (ob- 
servation time  5 days). 

Cupknnius  coccineus.—T\iQ  population  den- 
sity of  adults  in  bromeliad  patch  B in  Las  Cruces 
was  higher  in  1989  than  in  1990  (0.3  and  0.1 
adults/plant,  respectively,  Table  1).  In  the  pri- 
mary forest  of  La  Selva  we  roughly  estimated 
one  adult  C.  coccineus  every  50  m along  the  trail 
in  1989.  In  1990  the  only  Cupiennius  spider  we 
found  was  one  C.  coccineus  female  along  the  en- 
tire stretch  searched.  On  bromeliads  we  found 
significantly  more  animals  on  plants  of  category 
2 with  more  retreats  (x  = 1.24  ± 1.02,  F < 0.01) 
than  on  those  of  category  1 with  fewer  retreats 


(x  = 0.23  ± 0.46,  Utest,  df  = 102;  149  encounters 
in  17  days). 

The  sex  ratio  of  adults  was  1:1.3  (males  : fe- 
males; n = 75).  Of  all  the  spiders  observed,  63% 
were  juveniles.  C.  coccineus  was  more  often  co- 
occurring with  conspecifics  than  C.  salei.  Still 
about  60%  were  sitting  alone  on  their  plant  (Fig. 
1).  The  maximum  accumulation  of  spiders  we 
observed  was  on  a big  bromeliad  {Aechmea  mex- 
icana,  diameter  2 m)  where  three  males  courted 
and  fought  in  the  presence  of  one  female  and  one 
juvenile. 

Females  with  eggsacs  had  their  retreats  closed 
by  a sheet-web.  Unlike  C.  salei,  eggsac-carrying 
females  of  C.  coccineus  leave  their  retreats  tem- 
porarily. We  found  the  retreat  (and  dwelling  plant) 
of  such  a female  (female  B,  Fig.  3)  empty  on  2 
February  at  1 8 1 5 h,  but  the  same  day  at  2 1 20  h 
the  female  had  returned.  Nevertheless,  females 
carrying  an  eggsac  are  similar  to  C.  salei  in  re- 
maining significantly  longer  on  the  same  plant 
(median  = 8 days,  range  2-12  days,  n = 5)  than 
both  females  without  eggsac  (median  = 2 days, 
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Figure  3.  — C.  coccineus  spiders  dwelling  on  bromeliads  (see  bromeliads  B,  1990,  Table  1).  (a)  The  site  with 
8 Guzmania  zani  growing  on  approximately  1.5  m high  bamboo  posts  (p)  and  37  Aechmea  mexicana  growing 
on  the  ground.  Labels  of  bromeliads  (1-10)  and  posts  (pl-p3)  refer  to  location  codes  in  (b).  (b)  The  locations 
of  adult  females  (A-G)  and  males  (1-5)  were  observed  over  a period  of  24  days  (juveniles  not  shown).  Females 
A and  B were  carrying  eggsacs  and  were  sitting  in  retreats  closed  by  loose  sheet-webs.  All  observations  were 
made  at  night. 


range  1-13  days,  = 14)  and  males  (median  = 
1 day,  range  1-12  days,  n=  \9,  Kruskal- Wallis 
test,  df=2,P<  0.05).  Residence  times  of  females 
without  eggsac  and  males  do  not  differ  from  each 
other  (Kruskal- Wallis  test,  ns;  observation  time 
21  days). 

Cupiennius  getazi. —Spider  density  was  cal- 
culated for  the  Xanthosoma  area  and  the  swamp 
area  (Table  1).  Dramatic  differences  between  the 
two  observation  years  were  found  in  the  swamp 
area.  Whereas  in  1990  spider  density  was  high, 
in  1989  we  did  not  observe  a single  specimen. 


In  the  primary  forest  we  found  C.  getazi  on  a 
few  bromeliads  growing  on  the  ground.  In  the 
Xanthosoma  patches  the  number  of  spiders  per 
plant  was  positively  correlated  with  the  number 
of  retreats  on  the  plants  (1989:  Spearman’s  r,  = 
0.94,  P < 0.05;  1990:  r,  = 1.0,  P < 0.01),  but 
not  with  the  number  of  plants  (1989:  rs=  -0.66, 
ns;  1990:  r,  = -0.39,  ns). 

The  sex  ratio  of  C.  getazi  was  1:1.6  (males  : 
females;  n = 29).  Of  all  the  spiders  observed, 
93%  were  juveniles.  Fig.  1 shows  that  only  ju- 
veniles co-occur  on  the  same  individual  plant  to 
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any  appreciable  extent  (max.  three  juveniles).  We 
observed  two  pairs  copulating  and  one  courting 
male  in  front  of  a female  sitting  in  her  retreat. 
C.  getazi  (like  C.  salei  and  C.  coccineus)  is  able 
to  form  retreats  by  drawing  together  leaves  and 
joining  them  with  threads  but  eggsac-carrying 
females  were  rarely  observed  to  close  their  re- 
treats with  a sheet  web. 

Syntopy.—In  all  four  areas  within  the  geo- 
graphic range  of  C.  getazi  and  C.  coccineus  (La 
Selva,  Colon,  Portobello  and  Cahuita),  we  found 
both  species  on  the  same  plant  species  and  some- 
times on  the  very  same  plants.  There  is  no  evi- 
dence that  the  different  species  use  different  parts 
of  the  plants.  In  La  Selva  we  found  C.  getazi 
living  syntopically  with  C.  coccineus  on  banana 
plants.  In  the  primary  forest  of  La  Selva  C.  coc- 
cineus and  C.  getazi  were  found  only  at  a distance 
of  at  least  8 meters  and  never  on  the  same  plants. 

DISCUSSION 

Encounters.— When  moving  about,  females 
leave  pheromone-laden  draglines  on  the  plant. 
Since  Cupiennius  spiders  quite  often  change  their 
dwelling  plant  and  locomotor  activity  is  partic- 
ularly high  in  males  (Schmitt  et  al.  1990),  a male 
is  quite  likely  to  come  across  female  threads  when 
wandering.  Upon  contact  with  these  threads  the 
male  starts  courting  and  a series  of  behavioral 
mechanisms  ensures  species  recognition  and  re- 
productive isolation  (Barth  & Schmitt  1991).  The 
vibratory  courtship  signals  emitted  by  the  male 
and  the  female  spread  in  the  plant  (Barth  et  al. 
1988a)  for  several  meters.  Considering  the  spider 
densities  reported  here  it  is  very  likely  that  not 
only  females  but  also  other  males  perceive  these 
signals.  From  behavioral  experiments  with  C. 
getazi  in  the  lab  we  know  that  males  perceiving 
male  courtship  signals  react  to  these  with  vibra- 
tory competition  signals.  Rivals  approach  each 
other  and  fight,  the  winner  then  copulates  with 
the  female  (Schmitt  et  al.  1992).  Although  the 
time  periods  of  our  observations  in  the  field  were 
limited  (e.  g.,  five  days  for  C.  salei)  we  did  ob- 
serve fighting  C.  salei  and  C.  coccineus  males  in 
the  presence  of  a nearby  female.  High  population 
densities  reported  in  this  paper  (e.  g.,  0.2  adults 
per  plant  for  C.  salei)  are  within  the  range  found 
by  Barth  & Seyfarth  (1979)  on  banana  plants  in 
Guatemala  (0.4  adults  per  plant).  Considering 
the  high  population  densities  and  that  the  signals 
can  be  detected  by  the  spiders  at  least  four  meters 
away  from  the  source  (Schmitt  et  al.  pers.  obs.); 
we  suggest  that  encounters  and  fights  between 


males  are  frequent  and  that  the  behavioral  sce- 
narios examined  in  the  lab  are  highly  significant. 

Retreats.  — Cupiennius  hides  in  retreats  during 
the  day.  Protection  from  predators  and  from  des- 
iccation are  proposed  to  be  the  main  reasons  for 
this  behavior  (Barth  et  al.  1988b).  As  shown  here 
the  number  of  available  retreats  rather  than  the 
number  of  available  plants  correlates  with  spider 
density.  Curiously,  we  found  C.  getazi  living 
densely  in  a swamp  in  1990  (La  Selva)  where 
vegetation  provided  no  leafsheath-like  retreats 
(Table  1).  Spiders  sat  on  the  leaves  clearly  visible 
even  during  the  day.  High  density  of  prey  ani- 
mals may  have  led  to  high  spider  densities  de- 
spite the  lack  of  retreats  in  this  area  (Wise  1993). 
The  swamp  had  dried  up  only  one  week  prior  to 
our  investigations,  and  there  was  a large  number 
of  dragonflies  on  which  the  spiders  preyed.  In 
1989  the  swamp  had  already  been  dry  for  four 
weeks  before  our  inspection.  Dragonflies  were 
lacking  and  we  found  no  C.  getazi  in  this  area. 
C.  getazi  spiders  were  also  reported  to  dwell 
densely  in  the  swamp  area  in  1985  (Barth  et  al. 
1988b)  at  a time  when  it  had  not  dried  up  yet 
(Barth,  pers.  obs.). 

Juveniles.— In  contrast  to  the  juveniles  of  the 
other  two  species,  the  majority  of  the  juveniles 
of  C.  salei  was  found  alone  on  their  plants  (Fig. 
1).  This  finding  may  be  an  artifact,  however,  re- 
sulting from  our  method  of  investigation.  The 
banana  plants,  on  which  our  data  for  C.  salei 
were  obtained,  could  be  searched  for  spiders  only 
up  to  a height  of  approximately  two  meters.  This 
is  the  area  of  the  big  leaf  bases  which  form  re- 
treats suitable  for  adult  spiders.  The  smaller  ju- 
veniles preferably  occur  in  higher  regions  of  the 
plants  or  in  the  leaf  litter  on  the  ground  (Barth 
& Seyfarth  1979).  Accordingly,  only  32%  of  C. 
salei  spiders  observed  in  the  bananas  were  ju- 
veniles. Percentages  of  juvenile  spiders  found  on 
other  plants  were  57%  for  C.  salei  in  bromeliads, 
63%  for  C.  coccineus  in  bromeliads  and  93%  for 
C.  getazi  in  Xanthosoma. 

Life  cycle.— In  the  lab,  Cupiennius  lives  for 
about  two  years.  Maturation  takes  place  at  an 
age  of  approximately  nine  months.  The  spiders 
court,  copulate  and  build  eggsacs  during  any  time 
of  the  year.  In  the  field,  spiders  of  different  sizes, 
ranging  from  newly  hatched  spiderlings  up  to 
adults  co-occurred  in  all  areas  investigated  be- 
tween January  and  April.  The  general  impression 
was  the  same  during  a visit  to  Costa  Rica  in  the 
summer  months  (Barth  pers.  comm.).  Details 
were  never  quantified,  however.  Maturation  of 
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Cupiennius  seems  not  to  be  synchronized  in  ei- 
ther the  laboratory  or  the  field. 

Sex  ratio.— In  all  three  species  we  found  more 
females  than  males.  This  may  have  two  possible 
causes,  which  are  not  mutually  exclusive.  First, 
due  to  their  higher  locomotor  activity  (Schmitt 
et  al.  1990)  males  might  be  preyed  upon  more 
often  (sometimes  even  by  the  females  during 
courtship).  Second,  this  finding  might  be  an  ar- 
tifact. At  night  females  usually  sit  in  or  near  their 
retreats,  which  can  be  inspected  quite  easily. 
Males  have  a higher  locomotor  activity  and 
change  their  dwelling  plants  more  often  than  the 
females.  When  wandering  about  on  the  plant  or 
on  the  ground  the  males  might  be  more  easily 
overlooked  than  the  females  in  their  retreats. 
Considering  this  possible  error  the  sex  ratio  mea- 
sured by  us  may  be  slightly  balanced  towards  the 
females. 

Sympatry  and  syntopy.— Observations  in  Pan- 
ama and  Costa  Rica  prove  the  syntopy  of  the 
two  sympatric  species,  C.  coccineus  and  C.  ge- 
tazi.  In  the  dense  C.  getazi  populations  of  La 
Selva  {Xanthosoma,  grass),  however,  we  never 
found  C.  coccineus.  Populations  of  different  spe- 
cies might  overlap  only  at  their  peripheries. 
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CONTESTS  OVER  PREY  BY  GROUP-LIVING  PHOLCIDS 
(HOLOCNEMUS  PLUCHEI) 


Elizabeth  M.  Jakob:  Department  of  Biological  Sciences,  Bowling  Green  State 
University;  Bowling  Green,  Ohio  43403  USA 

ABSTRACT.  Game  theory  predicts  that  resource  value  and  fighting  ability  should  affect  the  cost  of  fighting. 
I tested  these  predictions  in  the  field  with  the  pholcid  spider  Holocnemus  pluchei,  a facultatively  group-living 
spider.  Three  species  of  prey  were  tested:  fruit  flies,  house  flies,  and  damselflies.  Larger  prey  species  required 
more  time  to  subdue,  but  still  represented  resources  of  greater  value  because  of  their  high  caloric  content.  Fights 
were  increasingly  more  common  with  increasing  size  of  prey  species.  However,  prey  species  did  not  significantly 
affect  the  intensity  of  fights,  in  contrast  to  predictions  from  game  theory.  Fights  were  most  intense  between 
individuals  of  the  same  size,  as  predicted  by  game  theory.  Holocnemus  spiders  do  not  appear  to  benefit  from 
interactions  with  conspecifics  in  group  webs. 


Fewer  than  0.1%  of  spider  species  regularly 
share  webs  (Kraflft  1982).  Of  these,  some  are 
highly  social  and  cooperate  to  catch  prey  or  con- 
struct webs.  Benefits  of  sociality  for  these  species 
are  clear:  individuals  in  groups  may  have  in- 
creased success  in  prey  capture,  a reduction  in 
the  variance  of  prey  capture  success,  a reduction 
in  silk  output  for  web  construction,  and  an  en- 
hanced “early  warning  system”  for  predator  de- 
tection (reviewed  in  Uetz  1992).  In  less  social 
species  that  share  webs  but  do  not  cooperate, 
benefits  of  group  living  are  often  not  so  obvious. 
Holocnemus  pluchei  (Scopoli)  (Araneae:  Phol- 
cidae)  is  facultatively  group  living.  These  spiders 
may  live  alone  or  share  a sheet  web  with  as  many 
as  1 5 conspecifics  of  all  sizes,  and  group  mem- 
bership appears  to  be  temporally  fluid  (Jakob 
1991).  In  a previous  study  of  costs  and  benefits 
of  group  living  for  Holocnemus  spiderlings,  I 
found  that  spiderlings  in  group  webs  captured 
less  food  than  solitary  spiderlings:  spiderlings  lost 
prey  to  larger  spiders  (Jakob  1991).  However, 
spiderlings  in  groups  produced  less  silk,  which 
is  energetically  costly,  than  did  solitary  spider- 
lings that  built  their  own  webs  (Jakob  1991). 
Here  I expand  this  study  of  the  costs  and  benefits 
of  group  living  by  examining  interactions  over 
food  among  spiders  that  share  a web.  If  aggres- 
sive interactions  among  spiders  are  frequent,  en- 
ergetically expensive  or  dangerous,  the  costs  of 
group  living  may  outweigh  the  benefits.  Con- 
versely, if  the  cost  of  prey  capture  is  decreased 


for  individuals  because  more  than  one  spider 
wraps  the  prey,  spiders  may  benefit  from  the 
presence  of  conspecifics  in  groups. 

Game  theory  predicts  that  several  factors 
should  influence  the  cost  of  fights.  First,  fights 
over  valuable  resources  often  reach  higher  levels 
of  intensity  or  last  longer  than  fights  over  less 
valuable  resources  (e.  g..  Wells  1988;  Verrell 
1986).  Second,  the  cost  of  fights  should  be  influ- 
enced by  resource-holding  potential  or  fighting 
ability  (Parker  1974).  Fights  are  more  likely  to 
escalate  to  higher  levels  of  intensity  if  individuals 
are  closely  matched  in  fighting  ability  (Parker 
1974). 

Here  I examine  the  effects  of  resource  value 
and  fighting  ability  on  the  intensity  of  Holoc- 
nemus fights.  In  this  field  experiment,  the  con- 
tested resource  was  food.  Holocnemus  spiders 
prey  upon  a variety  of  species  that  are  likely  to 
difler  in  caloric  content  and  handling  time  (time 
needed  to  subdue  the  prey).  If,  as  game  theory 
predicts,  resource  value  affects  fight  intensity, 
spiders  may  face  different  costs  of  fighting  de- 
pending on  the  relative  abundance  of  different 
prey  species.  Fighting  ability  in  many  spider  spe- 
cies increases  with  body  size  (e.  g.,  Riechert  1978; 
Wells  1 988;  Uetz  & Hodge  1 990;  Jackson  & Coo- 
per 1991),  as  is  also  true  for  Holocnemus  (Jakob 
1991).  If,  as  game  theory  predicts,  interactions 
between  spiders  of  similar  fighting  ability  tend 
to  escalate,  spiders  sharing  webs  with  same-sized 
conspecifics  will  incur  higher  costs  of  fighting 
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Table  L—Mean,  standard  deviation,  and  range  of  lengths  of  first  and  second  tibiae  and  cephalothorax  width 
(CW)  of  field-collected  spiders.  (Measurements  in  mm;  n=  \A  small,  12  medium,  and  33  large  spiders.) 


Size  class 

Tibia  1 

Tibia  2 

CW 

Small 

Mean  (SD) 

4.89  (0.88) 

3.12(0.55) 

1.00  (0.15) 

Range 

3.75-5.83 

2.25-3.75 

0.8-L2 

Medium 

Mean  (SD) 

7.79  (0.88) 

5.21  (1.05) 

1.47  (0.16) 

Range 

6.08-9.17 

3.58-7.75 

1.16-1.18 

Large 

Mean  (SD) 

12.96  (1.49) 

8.54  (0.98) 

2.31  (0.25) 

Range 

9.17-16.17 

5.67-10.83 

1.72-2.80 

than  will  spiders  who  share  webs  with  conspe- 
cifics  of  different  sizes.  Here  I document  differ- 
ences in  handling  time  across  three  prey  species 
and  examine  the  relationship  between  spider  size, 
prey  species,  and  the  frequency  and  intensity  of 
interactions. 

METHODS 

I studied  Holocnemus  pluchei  on  the  main 
campus  and  near  the  Zoology  Field  House  of  the 
University  of  California  at  Davis  (UCD).  Hol- 
ocnemus webs  were  plentiful  around  buildings, 
such  as  under  eaves,  in  the  openings  of  cinder 
blocks,  and  in  bushes  (primarily  Juniperus  spp.). 
All  the  webs  used  were  outdoors  and  had  not 
been  manipulated  prior  to  the  experiment.  Data 
were  collected  between  July  and  September  1988, 
between  0700  h and  1430  h.  Temperature  ranged 
from  2 1-24  °C.  A full  description  of  the  methods 
is  in  Jakob  (199 1);  methods  are  summarized  here. 

I selected  webs  with  one  spider  present  (“sol- 
itary webs”)  and  with  more  than  one  spider 
(“group  webs”).  Each  web  was  used  only  once. 
I classified  spiders  as  small,  medium,  or  large, 
which  roughly  corresponds  to  second  or  third 
instar  juvenile,  fourth  instar  juvenile,  and  adult. 
In  a sample  of  measured  spiders,  average  tibia 
lengths  and  cephalothorax  widths  differed  by  a 
factor  of  approximately  1.5  between  size  classes 
(Table  1). 

I used  three  prey  species:  fruit  flies  {Drosophila 
melanogaster;  length  approximately  2.5  mm), 
houseflies  {Musca  domestica;  length  approxi- 
mately 6 mm)  and  damselflies  {Ischnura  sp.; 
length  approximately  28  mm).  These  are  among 
the  natural  prey  of  Holocnemus  in  California. 
Fruit  flies  were  reared  by  the  UCD  Genetics  De- 


partment, houseflies  were  purchased  as  pupae 
from  Carolina  Biological  Supply,  and  damselflies 
were  captured  at  a local  pond.  The  insects  were 
sealed  in  inflated  resealable  food  storage  (“Zip- 
loc”)  plastic  bags  for  transport  to  the  study  area. 
They  were  chilled  briefly  in  an  ice  chest  in  order 
to  facilitate  handling,  then  a single  prey  item  was 
haphazardly  selected  and  tossed  into  a web.  Prey 
recovered  and  began  moving  within  a few  sec- 
onds. If  prey  fell  or  flew  out  of  the  web  before 
any  spider  detected  it,  the  trial  was  discarded 
and  a new  prey  item  was  introduced. 

When  prey  were  introduced,  I began  contin- 
uous recording  of  observations  into  a microcas- 
sette recorder.  The  tape  was  left  running  so  that 
a time  record  could  be  taken  during  playback.  I 
initially  observed  approximately  10  group  webs 
until  the  prey  were  eaten  and  discarded.  In  no 
case  did  spiders  interact  after  prey  were  subdued 
and  feeding  had  begun.  For  all  subsequent  ob- 
servations, recording  was  stopped  a few  minutes 
after  feeding  was  initiated  and  all  spiders  were 
quiescent.  Even  though  spiders  were  not  marked, 
in  nearly  all  cases  I could  keep  track  of  particular 
individuals  from  prey  introduction  until  all  spi- 
ders were  quiescent.  In  cases  where  I was  not 
sure  of  the  identity  of  a particular  individual,  no 
data  from  that  web  were  included  in  the  analyses. 

General  statistical  procedures.— Parametric 
tests  were  used  when  the  data  met  the  appro- 
priate assumptions  or  could  be  transformed  to 
meet  the  assumptions.  Nonparametric  tests  were 
used  when  transformations  were  ineffective. 
Where  appropriate,  a sequential  Bonferroni  cor- 
rection was  applied  to  adjust  significance  levels. 
Details  of  particular  statistical  tests  are  given  be- 
low. 
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RESULTS 

A total  of  52  solitary  webs  and  93  group  webs 
was  included  in  the  analyses. 

Description  of  prey  handling.— The  following 
behaviors  occurred  in  the  order  given  in  response 
to  prey  introduction.  Detection:  a.  spider  moved 
in  response  to  the  prey,  either  by  orienting  (mov- 
ing its  body  to  face  the  prey),  approaching,  or 
bouncing  in  place.  When  prey  were  not  present 
in  the  web,  spiders  were  generally  motionless. 
Contact:  a spider  touched  the  prey  with  one  or 
more  legs.  Wrap:  a spider  wrapped  silk  around 
the  prey  by  pulling  silk  from  the  spinnerets  with 
its  posterior  legs  in  a smooth  and  stereotyped 
motion.  After  wrapping,  the  prey  was  generally 
completely  encased  in  silk.  Attaching  silk  lines: 
spiders  sometimes  attached  their  prey  to  the  web 
or,  more  frequently,  to  nearby  branches  with  silk 
lines.  Bite:  a spider  bit  the  prey,  then  released  it, 
generally  within  5 s.  Typically  spiders  bit  prey 
several  times  in  the  course  of  subduing  it.  Feed- 
ing: a spider  held  the  prey  in  its  chelicerae  and 
was  quiescent.  “Feeding”  was  distinguished  from 
“bite”  by  its  longer  duration.  Once  a spider  began 
feeding  it  rarely  moved  until  the  prey  was  con- 
sumed and  dropped. 

Prey  species  and  handling  time:  relative  value 
of  food.— I performed  a two-way  analysis  of  vari- 
ance to  determine  the  effects  of  prey  species  and 
number  of  spiders  responding  to  prey  on  han- 
dling time.  Because  of  sample  size,  for  this  anal- 
ysis only  two  categories  were  used  to  describe 
the  number  of  spiders  responding  to  prey:  one 
spider  and  more  than  one  spider.  Six  aspects  of 
handling  time  were  analyzed:  the  time  between 
prey  introduction  and  detection,  detection  and 
first  contact  of  prey,  first  contact  and  initiation 
of  wrapping,  initiation  of  wrapping  and  first  bite, 
first  bite  and  feeding,  and  wrapping  duration  (the 
total  amount  of  time  a particular  prey  item  was 
wrapped).  I performed  a log  (x  + 1)  transfor- 
mation of  the  data  and  tested  for  homogeneity 
of  variances  with  an  F-max  test  (Sokal  & Rohlf 
1981).  All  variances  were  homogeneous  except 
for  the  time  between  detection  and  first  contact; 
variances  were  heterogeneous  at  the  0.05  level 
but  not  at  the  0.0 1 level  of  significance,  and  these 
results  should  be  treated  cautiously.  All  other 
transformed  data  had  homogeneous  variances. 
Six  separate  ANOVAs  were  performed  and  P 
values  were  adjusted  with  a Bonferroni  correc- 
tion for  multiple  tests  (Rice  1989). 

Prey  type  significantly  influenced  handling  time 


in  each  analysis  except  for  time  between  first 
contact  and  the  initiation  of  wrapping  (P  < 0.01 
in  each  case;  Table  2).  In  every  case  where  dif- 
ferences were  significant,  mean  handling  time  was 
smallest  for  fruit  flies,  larger  for  house  flies  and 
largest  for  damselflies.  The  effect  of  the  number 
of  spiders  responding  (one  spider  V5.  more  than 
one  spider)  and  interaction  effects  were  not  sig- 
nificant in  any  case. 

Wrapping  duration  was  examined  in  more  de- 
tail in  order  to  test  whether  individuals  in  a group 
in  which  more  than  one  spider  wrapped  a prey 
spent  less  time  wrapping  than  did  solitary  spi- 
ders. In  23  of  25  (92%)  cases  where  more  than 
one  spider  wrapped  a single  prey  item,  the  spider 
that  ultimately  fed  on  the  prey  (the  “winner”) 
did  more  of  the  wrapping  than  did  other  spiders. 
For  fruit  flies  and  houseflies,  there  was  no  sig- 
nificant difference  between  the  time  “winners” 
spent  wrapping  and  the  time  spent  by  spiders 
that  were  the  only  individuals  to  wrap  the  prey. 
For  damselflies,  “winners”  spent  significantly  less 
time  wrapping  than  did  spiders  who  wrapped 
alone  (mean  in  s ± SE:  alone  784.8  ± 465.7, 
“winners”  344.2  ± 231.8,  n = 5,  12;  Mann- 
Whitney  U,  P < 0.02). 

Description  of  interaction  levels.— I use  the 
term  interaction  to  describe  behaviors  given  in 
response  to  or  directed  towards  conspecifics.  In- 
teractions were  classified  into  three  levels  of  in- 
tensity. Interactions  at  lower  levels  are  assumed 
to  have  lower  levels  of  energy  expenditure 
(movements  are  generally  slower  and  shorter  in 
duration)  and  risk  of  injury  than  interactions  at 
higher  levels.  Interactions  were  pairwise:  though 
many  spiders  in  a web  often  interacted  over  a 
particular  prey,  interactions  occurred  between 
only  two  spiders  at  once. 

Level  /:  This  level  includes  gentle  movements 
that  did  not  always  attract  the  attention  of  a con- 
specific.  Included  here  are  orientation,  where  a 
spider  turned  its  body  to  face  a conspecific;  push- 
ups, or  slow  flexing  of  the  legs  that  resulted  in 
the  spider’s  body  moving  towards,  then  away 
from  the  web;  and  abdomen  twitching,  where  a 
spider’s  abdomen  moved  quickly  up  and  down 
dorsoventrally.  These  three  behaviors  often  oc- 
curred together  and  were  rarely  seen  in  solitary 
spiders. 

Level  II:  A spider  moved  enough  so  that  it  was 
likely  to  be  detected  by  conspecifics.  This  level 
includes  bouncing,  where  a spider  sharply  con- 
tracted its  legs  so  its  body  moved  towards  the 
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Table  2. —Mean  (in  seconds),  standard  error,  and  sample  size  for  duration  of  handling  time  components  for 
three  species  of  prey.  P values  are  derived  from  two-way  ANOVA’s  of  log-transformed  data,  with  Bonferroni 
corrections  applied.  No  interaction  terms  were  significant. 


Fruit  fly 

House  fly 

Damselfly 

Effect  of 
prey  type 

Effect  of 
number  of 
responders 

Introduction/detection 

X 

3.4 

5.9 

48.8 

P 

< 

0.01 

NS 

SE 

(1.11) 

(1.65) 

(13.29) 

n 

67 

48 

19 

Detection/first  contact 

X 

3.3 

23.8 

27.4 

P 

< 

0.01 

NS 

SE 

(0.90) 

(5.95) 

(9.03) 

n 

67 

47 

19 

First  contact/first  wrapping 

X 

16.5 

7.9 

32.6 

NS 

NS 

SE 

(7.35) 

(2.32) 

(10.78) 

n 

67 

47 

18 

First  wrapping/first  bite 

X 

59.4 

141.0 

488.8 

P 

< 

0.01 

NS 

SE 

(6.24) 

(38.73) 

(108.57) 

n 

64 

40 

18 

First  bite/feeding 

X 

8.5 

57.6 

558.9 

P 

< 

0.01 

NS 

SE 

(2.45) 

(11.7) 

(176.8) 

n 

64 

37 

17 

Wrapping  duration 

X 

39.0 

106.2 

516.3 

P 

< 

0.01 

NS 

SE 

(2.91) 

(30.8) 

(81.4) 

n 

67 

47 

18 

web;  approach,  where  a spider  moved  towards  a 
conspecific;  and  web  plucking,  where  the  spider 
spread  its  anterior  pair  of  legs  and  pulled  sharply 
downward  on  the  web,  then  released  it  so  it 
snapped  back. 

Level  III:  Two  spiders  interacted  aggressively 
and  physical  contact  generally  occurred.  Includ- 
ed here  is  chasing,  probing  at  a conspecific  with 
extended  front  legs,  and  grappling  with  legs  and 
sometimes  biting  or  grappling  with  chelicerae. 
Grappling  spiders  appeared  to  roll  about  on  the 
underside  of  the  sheet  web.  Interactions  were 
brief,  lasting  from  a few  seconds  to  about  1 5 s. 
In  this  experiment,  interactions  never  resulted 
in  biting  or  death  although  that  has  been  seen  on 
other  occasions  (pers.  obs.). 

Group  size  and  frequency  of  interactions.— As 
more  spiders  responded  to  the  prey  I introduced 
into  the  web,  the  mean  number  of  interactions 
per  spider  increased  significantly  (simple  regres- 
sion: y - 0.352  + 0. 149x,  = 0.384;  P < 0.0001). 

Prey  type  and  frequency  of  interactions.— More 
spiders  were  attracted  to  larger  prey  species  (mean 
± SE:  fruit  flies  2.59  ± 0.228,  house  flies  3.74 
± 0.412,  damselflies  4.25  ± 0.617;  «=  17,  27, 
12;  Kruskal-Wallis  test,  df=  2,  = 7.829,  P 

< 0.02)  but  this  finding  must  be  regarded  cau- 
tiously. Strands  of  silk  connecting  webs  are  often 


hard  to  see,  so  that  what  appeared  to  be  a small 
group  was  often  connected  to  a larger  group.  Thus, 
I could  not  consistently  preselect  group  size  and 
there  is  a possibility  of  a bias  in  the  webs  I tested 
with  different  prey  species.  However,  once  spi- 
ders were  attracted  to  prey,  the  number  of  in- 
teractions per  spider  increased  with  increasing 
prey  size  (mean  ± SE:  fruit  flies  0.59  ± 0.036, 
house  flies  0.93  ± 0.068,  damselflies  1.15  ± 
0.213;  11,  27,  12;  Kruskal-Wallis  test,  df= 

2,  12.372,  P<  0.01). 

Prey  type  and  level  of  interactions.— I recorded 
the  highest  level  of  interaction  that  each  indi- 
vidual directed  at  another  and  found  no  signif- 
icant difference  across  prey  species  {x^  = 5.9%,  df 
= 4,  n ==  175,  F = 0.2).  The  highest  interaction 
level  was  reached  more  frequently  in  interactions 
over  houseflies  (55%  of  trials)  than  in  interac- 
tions over  either  fruit  flies  (35%)  or  damselflies 
(40%);  however,  when  I pooled  fruit  flies  and 
damselflies,  interaction  levels  did  not  differ  sig- 
nificantly from  house  flies  (x^  ^ 5.32,  df  ^ 2,  P 
= 0.07). 

Spider  size  and  frequency  of  interactions.— I 

compared  the  frequency  of  interactions  between 
different  size  classes  to  determine  if  some  size 
classes  were  more  or  less  likely  to  interact  than 
others.  Spiders  can  only  interact  if  they  share  a 
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Table  3.— Observed  frequency  of  interactions  be- 
tween size  classes  of  spiders  compared  to  expected  val- 
ues. The  first  animal  listed  can  be  either  the  aggressor 
or  the  receiver.  (In  both  tests,  df  5.) 


Size  classes 

Levels  I, 

II  and  III 

Levels  II  and  II 

Ob- 

served 

Expect- 

ed 

Ob- 

served 

Expect- 

ed 

Small  X small 

5 

5.7 

4 

4.8 

Small  X medium 

2 

7.5 

2 

6.3 

Small  X large 

20 

13.9 

17 

11.7 

Medium  x medium 

7 

17.5 

5 

41.8 

Medium  x large 

48 

49.6 

39 

41.8 

Large  x large 

45 

32.8 

40 

27.7 

17.619 

17.574 

P < 0.005 

P < 0.005 

web,  so  I generated  expected  values  by  following 
Altmann  & Altmann  (1977).  For  example,  in  a 
web  with  three  medium  and  two  large  spiders, 
there  are  three  potential  interactions  between 
medium  spiders,  one  between  large  spiders,  and 
six  between  large  and  medium  spiders.  I summed 
the  potential  interactions  for  all  webs  to  generate 
expected  values  for  the  entire  sample  population. 
These  expected  values  represent  the  frequency 
of  interaction  for  each  size  class  if  all  size  classes 
were  equally  likely  to  interact.  To  calculate  ob- 
served values,  I noted  for  every  possible  pair  of 
spiders  whether  or  not  they  interacted,  and  if  they 
did,  the  maximum  intensity  that  the  interaction 
reached.  In  cases  where  two  spiders  had  more 
than  one  fight  with  each  other,  I recorded  the 
maximum  intensity  of  all  fights.  These  values 
were  summed  for  every  combination  of  size 
classes  and  compared  with  expected  values. 

Significant  differences  in  interaction  frequency 
across  size  classes  were  found  for  total  interac- 
tions of  all  intensity  levels,  as  well  as  when  I 
considered  only  interactions  that  reached  the 
higher  levels  of  II  or  III  (x^  goodness-of-fit  test, 
P < 0.005;  Table  3).  In  both  cases,  large  spiders 
interacted  with  each  other  more  frequently  than 
expected  by  chance,  and  medium  spiders  inter- 
acted with  each  other  less  than  expected  by 
chance.  When  large/large  and  medium/medium 
interactions  were  omitted  from  the  analysis,  the 
frequency  of  interactions  did  not  differ  from  ex- 
pected. 

Spiders  were  more  likely  to  direct  aggressive 

behaviors  toward  larger  individuals  than  toward 


Table  4. —Highest  level  of  aggression  that  spiders 
directed  at  spiders  of  equal,  larger,  or  smaller  size. 
Level  III  is  the  highest  level.  Expected  values  are  in 
parentheses,  (x^  = 33.805,  df  ==  4,  P < 0.0001). 


Aggression 
directed 
toward 
spider  of 

Level  I 

Level  II 

Level  III 

Same  size 

9(11.3) 

21  (36.0) 

60  (42.7) 

Larger  size 

10(7.4) 

38  (23.6) 

1 1 (27.9) 

Smaller  size 

3 (3.3) 

11  (10.4) 

12(12.3) 

smaller  individuals.  Of  85  interactions  between 
individuals  of  different  sizes,  59  (69%)  were  di- 
rected at  the  larger  individual  by  the  smaller  (x^ 
goodness-of-fit  test  with  expected  values  of  1 : 1 , 
x^  = 12.82,  df^  l,P<  0.001).  Most  behaviors 
were  directed  at  the  spider  that  possessed  the 
prey;  that  is,  the  spider  that  was  handling  the 
prey  or  holding  it  in  its  chelicerae.  Of  175  inter- 
actions observed,  1 39  (79%)  were  directed  at  the 
spider  that  possessed  the  prey.  Only  20  (1 1%)  of 
the  behaviors  were  performed  by  the  spider  that 
possessed  the  prey;  in  most  of  these,  the  spider 
with  the  prey  was  responding  to  an  aggressive 
move  by  the  other  individual.  Fourteen  aggres- 
sive acts  (8%)  were  between  pairs  of  spiders  that 
were  not  in  contact  with  the  prey.  Three  acts  (2%) 
were  between  spiders  that  had  simultaneously 
been  wrapping  the  same  prey. 

Spider  size  and  intensity  of  interactions* —The 
level  of  intensity  of  interaction  also  depended  on 
the  size  class  of  the  participants  (contingency  ta- 
ble test,  x"  = 33.81,  4,  P < 0.0001,  Table 

4).  Expected  values  were  too  small  to  allow  com- 
parison of  each  possible  pair  of  size  classes  sep- 
arately, so  I pooled  data  to  compare  the  level  of 
interactions  between  same-sized  individuals,  be- 
haviors directed  at  larger  spiders,  and  behaviors 
directed  at  smaller  spiders.  Interactions  between 
same-sized  spiders  were  most  likely  to  reach  the 
highest  level.  Behaviors  of  smaller  spiders  di- 
rected at  larger  spiders  were  most  likely  to  reach 
level  II,  while  behavior  of  larger  toward  smaller 
individuals  did  not  differ  from  expected. 

DISCUSSION 

The  three  prey  species  tested  represent  re- 
sources of  different  value  for  Holocnemus.  Larger 
prey  were  more  costly  to  subdue  in  terms  of  time 
invested  and,  because  spiders  spent  more  time 
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wrapping  large  prey,  in  terms  of  silk  used  in 
wrapping.  However,  spiders  can  leave  a prey  item 
that  has  been  partially  wrapped  in  order  to  cap- 
ture new  prey  that  enter  the  web  (pers.  obs.),  so 
increased  handling  time  is  unlikely  to  signifi- 
cantly decrease  total  prey  intake.  Larger  prey  also 
offered  a substantial  increase  in  caloric  return; 
Drosophila  melanogasterxQprtsQnX  about  1 .2  cal- 
ories each  (Jakob  1991),  houseflies  about  12  cal- 
ories (estimated  from  dry  weight,  G.  Uetz,  pers. 
comm.),  and  damselflies  approximately  50  cal- 
ories (caloric  estimates  for  “mixed  insects”  from 
Cummins  & Wuycheck  1971).  Level  of  prey  in- 
take translates  into  increased  growth  and  de- 
creased development  time  for  Holocnemus  (Ja- 
kob & Dingle  1990).  Larger  prey  in  this  study 
thus  appear  to  be  more  valuable  than  smaller 
prey. 

According  to  predictions  from  game  theory, 
the  more  valuable  the  resource,  the  greater  is  the 
probability  that  the  animal  will  take  risks  to  de- 
fend it  (Parker  1984).  The  number  of  fights  per 
spider  did  increase  with  size  of  the  prey  species, 
but  there  was  no  relationship  between  prey  spe- 
cies and  the  level  of  intensity  that  fights  reached. 
Two  explanations  are  likely.  First,  spiders  may 
not  be  able  to  assess  relative  value  of  these  prey 
species.  Holocnemus  responds  primarily  to  vi- 
brational rather  than  visual  stimuli  (pers.  obs.). 
Of  the  three  prey  species  tested,  houseflies  gen- 
erally struggled  most  and  appeared  to  produce 
the  strongest  vibrations.  High  frequency  vibra- 
tions are  most  likely  to  release  prey  capture  be- 
havior in  spiders  (Masters  et  al.  1986).  Although 
fight  frequency  did  increase  with  prey  size,  larger 
prey  also  attracted  more  spiders  and  that  in  itself 
might  have  led  to  more  fights.  The  fact  that  the 
level  of  intensity  of  interactions  did  not  vary  with 
resource  value  also  supports  the  notion  that  spi- 
ders could  not  assess  relative  value.  Alternative- 
ly, all  prey  may  be  of  high  value  to  these  spiders. 
Prey  availability  in  my  study  area  was  low  (Jakob 
1991)  and  47%  of  interactions  reached  the  high- 
est level  (Table  4).  It  would  be  informative  to 
increase  prey  availability  and  determine  if  fight 
intensity  decreases  for  less  valuable  prey.  Similar 
results  have  been  found  in  other  species:  for  ex- 
ample, Rypstra  (1986)  documented  a decline  in 
aggressive  behavior  as  prey  availability  increased 
for  an  aggregating  species.  An  orb  weaver  in  a 
tropical  environment  with  high  prey  abundance 
was  likely  to  settle  contests  with  lower  levels  of 
aggression  than  did  a closely-related  desert  spe- 


cies with  low  prey  abundance  (M.  Hodge  pers. 
comm.). 

Game  theory  also  predicts  a relationship  be- 
tween fighting  ability  and  levels  of  interactions. 
Large  spiders  fought  with  each  other  more  fre- 
quently than  expected  by  chance,  perhaps  be- 
cause they  most  often  had  the  prey  and  79%  of 
interactions  involved  spiders  that  held  the  prey. 
As  predicted  by  game  theory  (Parker  1974),  spi- 
ders of  the  same  size  class  reached  the  highest 
level  of  interaction  significantly  more  often  than 
did  pairs  of  spiders  of  different  sizes.  Smaller 
spiders  were  surprisingly  likely  to  be  aggressive 
towards  larger  spiders:  32%  of  all  interactions  at 
Level  II  and  III  were  directed  at  a larger  spider 
by  a smaller  (Table  4),  but  in  the  course  of  this 
and  other  studies  I have  rarely  seen  (<  6 times) 
smaller  spiders  successfully  steal  prey  from  larger 
spiders.  It  is  possible  that  spiders  are  testing 
themselves  to  see  how  they  measure  up  to  con- 
specifics,  most  likely  through  vibrational  cues. 
Many  fights  are  preceded  by  a head  to  head  dis- 
play, where  spiders  stretch  their  first  legs  out  hor- 
izontally while  web-plucking  as  if  to  measure  one 
another. 

How  do  interactions  with  conspecifics  shift  the 
balance  of  the  cost  and  benefits  of  group  living 
for  Holocnemus?  Larger  spiders  win  the  most 
prey,  so  sharing  a web  with  a larger  individual 
is  clearly  disadvantageous  because  of  the  loss  of 
food  (Jakob  1991).  In  addition,  interactions 
themselves  may  have  some  energetic  cost.  How- 
ever, Riechert  (1988)  argues  that  energetic  losses 
due  to  display  behaviors  are  often  negligible  and 
that  correlated  costs  of  fighting  are  evolutionarily 
more  important  in  determining  fight  intensity. 
In  Holocnemus,  a likely  correlated  cost  to  high 
intensity  fights  is  risk  of  injury:  although  I saw 
no  injuries  in  fights  during  this  study,  I have  on 
at  least  seven  occasions  seen  high-level  interac- 
tions result  in  death.  Spiders  should  thus  benefit 
if  they  reduce  the  number  of  interactions  with 
conspecifics  by  joining  smaller  groups  or  avoid 
joining  groups  with  spiders  of  the  same  size.  Giv- 
en the  fluid  nature  of  Holocnemus  groups,  the 
potential  for  assessment  and  choice  of  groups 
exists,  but  whether  spiders  can  and  do  assess 
groups  in  this  manner  is  as  yet  unknown.  Finally, 
spiders  can  potentially  benefit  from  interactions 
with  conspecifics  if  wrapping  time  is  reduced 
when  more  than  one  spider  wraps  a prey.  Group- 
living winners  spent  less  time  wrapping  damsel- 
flies  than  did  solitary  spiders;  other  group  mem- 
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bers  also  wrapped  the  prey  before  being  driven 
olf.  However,  this  effect  was  not  seen  for  the 
other  prey  species  tested  (possibly  because  the 
shape  of  the  damselfly  decreased  the  probability 
that  spiders  would  detect  one  another  while  they 
wrapped  opposite  ends)  and  is  probably  rarely 
an  important  benefit.  In  sum,  unlike  more  highly 
social  spiders  that  cooperate  in  prey  capture, 
Holocnemus  individuals  are  unlikely  to  benefit 
directly  from  interactions  with  conspecifics;  in- 
direct benefits  may  exist  in  the  form  of  a reduc- 
tion in  the  cost  of  web  construction,  but  these 
have  been  documented  only  for  spiderlings  (Ja- 
kob 1991). 
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TARSAL  SCOPULA  DIVISION  IN  THERAPHOSINAE 
(ARANEAE,  THERAPHOSIDAE):  ITS 
SYSTEMATIC  SIGNIFICANCE 


Fernando  Perez-Miles:  Division  Zoologia  Experimental,  Institute  de  Investigaciones 
Biologicas  C.  Estable,  Av.  Italia  3318;  Montevideo,  Uruguay. 

ABSTRACT.  A study  of  entire/divided  tarsal  scopulae  distribution  was  carried  out  on  28  genera  of  Thera- 
phosinae.  Although  this  character  has  been  considered  an  important  taxonomic  tool  for  more  than  a century, 
present  findings  show  that  the  scopula  condition  is  related  to  spider  size.  These  results  call  into  question  the 
systematic  value  of  tarsal  scopula  division.  Fine  structure  of  theraphosid  scopula  is  described,  being  different 
from  that  previously  described  for  Araneomorphae.  Function  and  phytogeny  of  scopula  condition  are  discussed. 


RESUMEN.  Se  realize  un  estudio  de  la  distribucion  del  caracter  escopulas  tarsales  enteras/divididas  en  28 
generos  de  Theraphosinae.  A pesar  de  que  dicho  caracter  fue  considerado  importante  en  taxonomia  durante 
mas  de  un  siglo,  los  resultados  mostraron  que  la  condicion  de  la  escopula  esta  relacionada  con  el  tamano  de  la 
arana.  Estos  resultados  permiten  cuestionar  el  valor  sistematico  de  la  condicion  de  las  escopulas.  Se  describe  la 
estructura  de  la  escopula  de  las  terafosidas,  encontrandose  diferencias  con  las  escopulas  descriptas  previamente 
para  las  Araneomorphae.  Se  discute  la  funcion  y filogenia  de  los  tipos  de  escopula. 


The  structure  and  function  of  tarsal  scopulae 
have  been  studied  extensively  in  araneomorph 
spiders  (Homann  1957;  Foelix  & Chu-Wang 
1975;  Rovner  1978;  Miller  et  al.  1988;  Roscoe 
& Walker,  1991),  and  less  thoroughly  in  Myga- 
lomorphae.  The  structure  of  tarsal  scopulae  in 
Theraphosidae  was  discussed  by  Foelix  & Chu- 
Wang  ( 1 975)  in  Dugesiella  Pocock  1 90 1 and  more 
recently  studied  by  Roscoe  & Walker  (1991)  in 
Sericopelma  rubronitens  Ausserer  1875  and  by 
Prentice  (1992)  in  Aphonopelma  paloma  Pren- 
tice 1992.  Despite  our  limited  knowledge,  the 
tarsal  scopulae  condition  has  been  used  in  Ther- 
aphosidae systematics  for  a long  time. 

For  more  than  a century  the  character  “tarsal 
scopulae  entire  or  divided”,  has  been  widely  used 
in  taxonomy  of  Theraphosidae  to  diagnose  gen- 
era and  subfamilies.  Entire  tarsal  scopulae  have 
homogeneous  adhesive  hairs  analogous  to  those 
described  as  Type  A by  Rovner  (1978)  in  Lycosa 
spp.  Divided  scopulae  have  a longitudinal  band 
of  long  thick  setae  similar  to  Type  B of  Rovner 
(1978).  Beginning  with  Ausserer  (1871),  and 
Simon  (1 889,  1 892)  to  the  present,  this  character 
has  been  considered  an  important  taxonomic  tool. 
G.  de  Pikelin  & Schiapelli  (1973),  following  Aus- 
serer (1871),  considered  it  a key  character  of  Is- 
chnocolinae  and  pointed  out  that  scopulae  di- 
vision is  common  in  juveniles  of  all  theraphosids. 


becoming  entire  in  adults  of  some  subfamilies 
(such  as  Theraphosinae).  Raven  (1985)  used  en- 
tire/divided scopula  to  separate  genera  and  groups 
in  Theraphosidae  and  also  studied  anterior-pos- 
terior gradation  of  the  character.  Smith  (1988) 
disregarded  the  scopula  division,  considering  that 
in  many  theraphosids  it  only  means  immaturity, 
but  later  (Smith  1990)  considered  it  an  important 
taxonomic  character  for  Ischnocolinae  and  Eu- 
menophorinae.  Perez-Miles  (1992)  polarized  this 
character  on  the  basis  of  ontogeny,  concluding 
that  an  entire  scopula  could  be  a synapomorphy 
of  some  genera  of  Theraphosinae. 

A study  of  entire/divided  scopula  distribution 
was  carried  out  on  most  (28)  genera  of  Thera- 
phosinae, four  of  Aviculariinae  and  four  of  Har- 
pactirinae.  Fine  structure  of  tarsal  scopula  of  five 
Uruguayan  species  from  different  genera  is  de- 
scribed and  compared.  The  results  of  this  study 
call  into  question  the  systematic  and  phyloge- 
netic significance  of  the  character.  The  function 
and  phylogeny  of  tarsal  scopulae  in  Theraphos- 
inae are  discussed. 

METHODS 

Taking  into  account  that  width  of  tarsal  scop- 
ula division  increases  in  hind  legs  (Raven  1985), 
legs  IV  were  studied  to  avoid  ambiguity  with 
respect  to  entire  or  divided  condition.  Few  iso- 
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Figures  1-6.— Structures  of  the  tarsal  scopula.  \ . Acanthoscurria  suina,  tarsus  IV,  ventral  view,  showing  entire 
scopula,  Type  A hairs;  2.  Homoeomma  uruguayense,  tarsus  IV,  ventral  view,  showing  divided  scopulae.  Arrow 
shows  the  band  of  Type  B scopula  hairs,  with  Type  A hairs  laterally;  3.  Type  A hairs  on  tarsus  IV  of  Ceropelma 
longisternale,  showing  the  cylindrical  stalk  and  the  club-shaped  distal  zone.  The  entire  hair  is  covered  by  small 
spines  which  are  denser  in  the  distal  portion;  4.  Tips  of  Type  A hairs  of  Ceropelma  longisternale,  showing  the 
small  spines  covering  the  hairs;  5.  Type  B hairs  on  tarsus  IV  of  Homoeomma  uruguayense,  showing  their 
subconical  shape;  6.  Type  B hair  tip  on  tarsus  IV  of  Ceropelma  longisternale,  showing  the  small  spines  covering 
it.  Scales:  Figs.  1,2  = 2 mm;  Figs.  3,  5 = 0.2  mm;  Figs.  4,  6 = 0.02  mm. 


lated  long  and  fine  hairs  (not  line  ordered)  in 
tarsal  scopulae  were  not  considered  the  divided 
condition. 

Observations  were  made  with  a stereoscopic 


microscope  submersing  the  specimens  in  80% 
alcohol.  Light  microscope  studies  were  carried 
out  to  observe  and  measure  scopula  hairs.  To 
estimate  spider  size,  carapace  length  (CL)  was 
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Table  1.— Tarsal  scopula  condition  (TS)  and  carapace  length  (CL)  of  holotypes  of  type  species,  of  non  type 
species  (*)  or  congeners  (**)  of  Theraphosinae  and  some  Aviculariinae  and  Harpactirinae.  Abb  = abbreviatures; 
LOC  = location  of  examined  material:  BMNH  = British  Museum  of  Natural  History,  London;  IB  = Institute 
Butantan,  Sao  Paulo;  MACN  = Museo  Argentino  de  Ciencias  Naturales,  Buenos  Aires;  MHNP  = Museum 
National  d'Histoire  Naturelle,  Paris;  MHNM  = Museo  Nacional  de  Historia  Natural,  Montevideo;  MZSP  = 
Museu  de  Zoologia,  Sao  Paulo;  NMV  = Naturhistorisches  Museum,  Vienna;  SI  Smithsonian  Institution, 
Washington;  SAM  = South  African  Museum,  Capetown;  ZMB  = Zoologisches  Museum,  Berlin;  NE  = not 
examined,  data  from  literature.  Eighteen  types  of  Grammostola  spp.  (all  with  entire  scopulae)  are  omitted  due 
to  space  reasons. 


Abb 

CL 

TS 

LOC 

Theraphosinae 

Acanthoscurria  geniculata  (Koch  1 842) 

Ag 

25.5 

E 

BMNH 

Acanthoscurria  suina  (Pocock  1 903) 

As 

18.5 

E 

BMNH* 

Aphonopelma  seemani  (Cambridge  1897) 

Ase 

20.0 

E 

NE 

Aphonopelma  crinita  (Pocock  1901) 

— 

13.0 

D 

BMNH* 

Aphonopelma  paioma  Prentice  1992 

— 

5.7 

D 

NE* 

Brachypelma  emilia  (White  1856) 

Be 

21.5 

E 

MHNP 

Ceropelma  iwM/are  Mello-Leitao  1923 

Ci 

7.8 

D 

MZSP 

Ceropelma  flavohirtus  (Simon  1889) 

6.0 

D 

MHNP* 

Ceropelma  longisternale  Sch.  & Ger.  1942 

__ 

7.5 

D 

MACN* 

Ceropelma  semiauranticum  (Simon  1897) 

6.2 

D 

MHNP* 

Crypsidromus  isabeUinus  Ausserer  1871 

Cis 

12.0 

D 

NMV 

Citharacanthus  longipes  (Cambridge  1897) 

Cl 

26,0 

E 

BMNH 

Cyriocosmus  sellatus  (Simon  1889) 

Cs 

4.3 

D 

MHNP 

Cyrtopholis  cursor  (Ausserer  1875) 

Cc 

13.0 

E 

BMNH 

Cyclosternum  schmardae  Ausserer  1871 

Csc 

17.8 

D 

MHNP 

Cyclosternum  rufohirta  (Simon  1889) 

Cr 

14.0 

D 

MHNP* 

Dryptopelma  janthina  (Simon  1888) 

Dj 

14.4 

D 

MHNP 

Eupalaestrus  campestratus  Simon  1891 

Ec 

20.0 

E 

MHNP 

Eupalaestrus  weijenberghi  (Thorell  1894) 

Ew 

14.6 

E 

BMNH* 

Eupalaestrus  tarsicrassus  Bucherl  1947 

__ 

17.6 

E 

IB* 

Euathlus  truculentus  (Ausserer  1875) 

Et 

20.0 

E 

BMNH 

Grammostola  mollicoma  (Ausserer  1875) 

Gm 

19.0 

E 

BMNH* 

Hapalotremus  albipes  Simon  1903 

Ha 

9.7 

D 

MHNP 

Hapalopus  formosus  Ausserer  1875 

Hf 

9.0 

D 

NMV 

Holothele  sericeus  (Simon  1 903) 

Hs 

7.2 

D 

MHNP* 

Homoeomma  stradiingi  Cambridge  1881 

Hs 

17.5 

E 

BMNH 

Homoeomma  uruguayense  (Mello-Leitao  1 946) 

Hu 

7.0 

D 

MHNM* 

Lasiodora  klugii  (Koch  1 842) 

Lk 

27.0 

E 

BMNH 

Mygalarachne  brevipes  Ausserer  1871 

Mb 

17.0 

E 

NMV 

Megaphobema  robusta  (Ausserer  1875) 

Mr 

28.0 

E 

BMNH 

Phormictopus  cancerides  (Latreille  1 806) 

Pc 

20.7 

E 

MHNP 

Paraphysa  manicata  Simon  1892 

Pm 

20.7 

E 

MHNP 

Pamphobeteus  nigricolor  {Amserer  1875) 

Pn 

26.5 

E 

BMNH 

Phrixotrichus  roseus  (Guerin  1838) 

Pr 

28.2 

E 

MHNP 

Sphaerobothria  hojfmani  Karsch  1879 

Sh 

17.5 

E 

BMHN** 

Schizopelma  macropus  (Ausserer  1875) 

Sm 

12.0 

D 

BMNH* 

Theraphosa  blondi  (Latreille  1 804) 

Tb 

34.2 

E 

MHNP 

Xenesthis  immanis  (Ausserer  1875) 

Xi 

29.0 

E 

BMNH 

Aviculariinae 

Avicularia  sp. 

__ 

22.0 

E 

MHNM** 

Ephebopus  murinus  (Walckenaer,  1837) 

15.3 

D 

BMNH 

Iridopelma  hirsutum  Pocock  1901 

16.5 

D 

BMNH 

Pachistopeima  rufronigrum  Pocock  1 90 1 

” 

12.5 

D 

BMNH 
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Table  L— Continued. 


Abb 

CL 

TS 

LOC 

Harpactirinae 

Ceratogryus  darlingii  Pocock  1897 

23.5 

E 

BMNH 

Coelogenium  pillansi  Purcell  1902 

— 

24.0 

E 

SAM 

Eucratosceius  longipes  Pocock  1898 

— 

17.0 

E 

BMNH 

Harpactirella  treleaveni  Purcell  1 902 

- 

6.8 

D 

SAM 

measured  with  an  ocui  ar  micrometer.  Fine  struc- 
ture of  scopulae  was  documented  using  a scan- 
ning electronic  microscope. 

Holotypes  and  additional  material  examined 
are  referenced  in  Table  1.  In  Aphonopelma  see- 
manni  (Cambridge  1897),  CL  and  scopula  con- 
dition were  taken  from  Valerio  (1980)  and  in  A. 
paloma  from  Prentice  (1992). 

I followed  Raven  (1985)  in  classification  and 
nomenclatural  aspects,  with  the  following  excep- 
tions: a)  Aphonopelma  Pocock  1901  precedence 
over  Rhechostica  Simon  1892  (ICZN  1991, 
Opinion  1637);  b)  Pterinopelma  Pocock  1901 
transferred  to  Eupalaestrus  Vqcoc]l  1901  (Perez- 
Miles  1992);  c)  Brachypelma  Simon  1891  re- 
stored (Schmidt  1991);  d)  Oligoxystre  Vellard 
1924  and  Stichoplastus  Simon  1889  removed 
from  Theraphosinae  (Perez-Miles  1992);  e) 
Ephebopus  Simon  1892  transferred  from  Ther- 
aphosinae to  Aviculariinae  (Lucas  et  al.  1991). 

Statistical  analyses  were  carried  out  with  the 
Presta  P-C,  V 1 . 1 , package  developed  at  the  Cen- 
tro Ramon  y Cajal,  Spain.  Mean  comparisons 
were  done  by  Student  ?-test,  with  restrictions  to 
variance  (Snedecor’s  F). 

RESULTS 

Structure  of  scopulae. —Two  types  of  tarsal 
scopulae  were  found  within  the  Theraphosinae: 
entire  and  divided.  A third  type  of  scopula  (di- 
vided by  strong  spines)  was  present  in  Acantho- 
pelma  Cambridge  1897  but  is  not  considered 
here.  The  entire  scopula  (Fig.  1)  has  homoge- 
neous adhesive  hairs  on  the  ventral  surface  of 
the  tarsus.  Following  Rovner’s  (1978)  nomen- 
clature on  lycosids,  and  without  establishing  any 
homology  (only  positional  criteria),  I call  them 
Type  A hairs. 

Divided  scopula  (Fig.  2)  has  another  type  of 
hairs  (called  Type  B)  arranged  on  a medial  lon- 
gitudinal band  which  lies  between  the  two  ven- 
tro-lateral  bands  of  Type  A hairs. 

Type  A hairs  are  cylindrical  in  their  proximal 
portion  (stalk)  and  club-shaped  in  their  distal 


portion  (Fig.  3).  No  differences  in  hair  mor- 
phology among  genera  were  detected  but  the 
length  varies  relative  with  spider  size.  Total  length 
of  Type  A hairs  is  0.49  mm  (±  0.023)  in  Acan- 
thoscurria  suina  (Pocock  1903);  0.66  mm 
(±0.027)  in  Grammostola  molUcoma  (Ausserer 
1875);  0.43  mm  (±0.044)  in  Eupalaestrus  wei- 
jenberghi  (Thorell  1894);  0.35  mm  (±  0.032)  in 
Ceropelma  longisternale  Schiapelli  y Gerschman 
1942;  and  0.30  mm  (±0.029)  in  Homoeomma 
uruguayense  (Mello-Leitao  1946).  All  possible 
mean  comparisons  among  hair  length  of  these 
five  Uruguayan  species  resulted  in  significant  dif- 
ferences {P  < 0.00001).  However,  distal  zone 
length  (approx.  0.096  mm)  did  not  show  signif- 
icant differences  in  most  comparisons,  except  be- 
tween suina  with  C.  longisternale  and  with  H. 
uruguayense.  Hairs  are  covered  by  small  spines 
oriented  at  an  angle  of  30°  with  the  axis  of  the 
hair  and  with  tips  oriented  toward  the  apical 
region  (Fig.  4);  no  triangular  end  feet  were  ob- 
served in  such  spines.  These  spines  are  distrib- 
uted in  an  orderly  fashion  and  are  more  dense 
in  the  distal  region  (Figs.  3,  4).  Type  A hairs  are 
more  or  less  vertical  or  slightly  inclined  (80°  with 
respect  to  the  surface  of  tarsus)  with  tips  orien- 
tated distally. 

Type  B hairs  are  subconical  (Fig.  5).  They  are 
longer  (0.607  mm  in  H.  uruguayense  and  0.596 
mm  in  C.  longisternale)  and  thicker  than  Type 
A;  no  significant  differences  in  hair  mean  length 
were  found  between  these  two  species  {P  = 0.866). 
The  surface  is  also  covered  by  small  spines,  re- 
sembling those  of  Type  A,  but  less  dense  (Fig. 
6).  Type  B hairs  have  angles  of  approximately 
30°  with  respect  to  the  ventral  surface  of  the  tar- 
sus with  their  tips  orientated  distally. 

Character  distribution.— A close  relation  be- 
tween size  and  tarsal  scopula  condition  was  found 
(Fig.  7,  Table  1).  Tarsal  scopulae  are  divided  in 
the  small  species  of  Theraphosinae  and  entire  in 
large  ones.  Size/scopular  condition  relationship 
was  observed  between  adults  of  different  species 
of  differing  sizes  and  between  adults  (or  large 
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Figure  7.— Tarsal  scopula  condition  and  carapace  length  (in  mm)  in  Theraphosinae  species  (abbreviations  as 
in  Table  1). 


juveniles)  and  small  juveniles  of  the  same  species 
(which  have  entire  scopula  as  adults). 

Divided  tarsal  scopulae  were  found  in  type 
species  of  seven  genera  of  Theraphosinae,  plus 
Holothele  and  Schizopelma  (non  type  species); 
entire  tarsal  scopulae  were  found  in  type  species 
of  19  genera  of  Theraphosinae  (Table  1). 

Size/scopular  condition  relationship  was  also 
found  between  species  within  same  genus.  For 


8 


Figure  %.~Homoeomma  stradingli  (Holotype  male), 
ventral  view  of  tarsus  IV,  showing  entire  scopula  (Type 
A hairs). 


example,  in  Homoeomma  (described  by  Simon 
1892  as  having  entire  scopula  but  diagnosed  by 
Gerschman  & Schiapelli  1972  as  having  divided 
scopulae),  large  species  {H.  stradlingi  (Cam- 
bridge 1881),  carapace  length  17.5  mm)  have 
entire  scopulae  (Fig.  8)  whereas  small  ones  {H. 
uruguayense,  CL  = 7 mm)  have  divided  scopulae 
(Fig.  2).  A similar  phenomenon  was  observed  in 
Aphonopelma:  A.  crinita  (CL  = 13  mm)  and  A. 
paloma  (CL  = 5.7  mm)  have  divided  scopula 
while  A.  seemanni  (Cambridge  1897)  (CL  = 20 
mm)  has  entire  scopulae.  Only  two  species  con- 
tradicting the  size/scopular  condition  relation 
were  found:  Cyrthopholis  cursor  {hussQVQv  1875) 
and  Cyclosternum  schmardae  Ausserer  1871. 

Examined  theraphosid  species  with  divided 
scopula  have  a mean  CL  = 10.66  mm  (SD  = 
3.50),  while  species  with  entire  scopula  present 
a mean  CL  = 22.1 1 mm  (SD  = 5.27).  A com- 
parison of  CL  means  showed  highly  significant 
differences  between  spiders  with  entire  or  divid- 
ed scopulae  {t  = 6,285,  P = 0.0000014).  As  shown 
in  Fig.  7,  Theraphosinae  species  up  to  12  mm  of 
carapace  length  exhibited  divided  scopulae  only; 
species  between  1 2 and  1 8 mm  had  either  entire 
or  divided  scopulae,  and  species  larger  than  1 8 
mm  exhibited  entire  scopulae  only.  This  trend 
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was  also  observed  in  type  species  of  some  genera 
of  Aviculariinae  and  Harpactirinae  (Table  1). 

Size/scopular  division  relationship  is  also  hold 
between  small  juveniles  and  large  ones  or  adults 
of  the  same  species  (which  have  entire  scopulae 
as  adults).  Some  evidence  of  a shift  in  this  char- 
acter condition  related  to  the  individual’s  growth 
was  found.  A study  of  juveniles  of  G.  mollicoma 
showed  divided  scopulae  when  CL  is  10.40  mm, 
scopulae  proximally  divided  and  distally  entire 
when  CL  is  15.60,  and  entire  scopulae  when  CL 
is  16.00  mm  (clearly  before  maturity  molt  when 
CL  is  more  than  19.00  mm). 


DISCUSSION 

Character  distribution  and  phylogenetic  sig- 
nificance.—Since  Ausserer  (1871),  “entire/di- 
vided scopula”  has  been  extensively  considered 
as  an  important  taxonomic  tool  in  Theraphosi- 
dae.  Recently  Perez-Miles  (1992)  polarized  this 
character  by  ontogeny,  to  apply  it  in  a prelimi- 
nary phylogenetic  analysis  of  Theraphosinae; 
concluding  that  entire  is  apomorphic.  Present 
results,  however,  question  the  use  of  this  char- 
acter in  phylogenetic  systematics.  At  least 
Aphonopelma  and  Homoeomma  are  polythetic 
for  this  character,  although  there  would  be  sev- 
eral synapomorphies  supporting  the  monophyly 
of  each  genus  (e.  g.,  the  digitiform  apophysis  of 
the  bulb  in  Homoeomma).  Both  states  are  pres- 
ent within  the  Theraphosinae  and  its  sister  group, 
{sensu  Lucas  et  al.  1991,  the  Aviculariinae)  and 
in  the  Harpactirinae.  A close  relation  between 
body  size  and  scopula  condition  in  these  taxa 
and  also  within  Aphonopelma  and  Homoeomma 
suggests  a functional  adaptation  or  a develop- 
mental effect.  Influence  of  environment  and  in- 
teraction with  phylogeny  in  this  character  re- 
mains obscure.  Considering  character  distribution 
and  since  size  could  change  independently  in  di- 
verse taxa,  similarity  in  scopulae  condition  will 
not  clearly  reveal  phylogenetic  relationship  in 
Theraphosinae.  Acanthoscurria  suina  and  Eu- 
palaestrus  weijenberghi,  both  with  entire  scop- 
ulae and  large  CL,  live  in  similar  environments 
(holes  in  meadows),  which  would  be  interpreted 
as  convergence.  However,  Grammostola  molli- 
coma and  Avicularia  sp.,  also  with  entire  scopula 
and  large  CL,  live  in  different  environments  (the 
former  under  stones  in  hills  and  the  latter  ar- 
boreal). Similarly  Miller  et  al.  (1988)  observed 
that  lycosid  groups  with  different  tendencies  or 


abilities  to  move  (burrowers  and  non  burrowers) 
did  not  show  differences  in  scopulae  morphol- 
ogy, which  was  conflicting  with  the  incidence  of 
adaptive  pressures  on  locomotion.  It  also  seems 
possible  that  theraphosids  with  different  scopula 
condition  and  CL  live  in  similar  habitats.  Field 
observations  in  Uruguay  showed  that  thera- 
phosids of  similar  adult  sizes  do  not  occur  in  the 
same  habitat,  with  the  exception  of  A.  suina  and 
E.  weijenberghi. 

The  exceptions  observed  in  C.  cursor  and  C. 
schmardae  could  reveal  possible  phylogenetic 
constrains  to  the  character. 

Ontogeny  and  scopula  condition.— All  Thera- 
phosidae  have  divided  scopulae  in  juvenile  states, 
but  they  become  entire  (Type  B hairs  absent)  in 
adults  of  several  species  (Gerschman  & Schia- 
pelli  1973).  Present  findings  in  G.  mollicoma 
showed  that  the  entire  scopula  condition  is 
reached  much  before  the  adult  state.  This  sug- 
gests that  scopular  condition  is  more  related  to 
size  and  weight  than  to  maturity.  On  the  other 
hand,  small  species  retain  divided  scopulae 
throughout  their  lives. 

Structure  and  function.— Tarsal  scopulae  hairs 
(Type  A)  observed  here  in  theraphosid  spiders 
have  different  morphology  from  those  described 
for  Philodromus  aureolus  (Foelix  & Chu-Wang 
1975;  Foelix  1982)  and  from  those  of  Lycosidae 
(Rovner  1978;  Miller  et  al.  1988).  The  main  dif- 
ference is  that  triangular  end-feet  were  not  found 
in  spines  of  Type  A hairs  of  Theraphosidae,  which 
agrees  with  the  observation  of  Roscoe  & Walker 
(1991)  in  Sericopelma  rubronitens.  Differences 
in  Type  A hair  size  were  found  with  Philodromus 
and  within  some  genera  of  Theraphosinae,  prob- 
ably due  to  a correlation  with  spider  size.  In 
Theraphosinae,  this  correlation  is  associated 
mainly  with  hair  stalk  (with  high  variability)  but 
not  with  distal  zone  (less  variable).  Type  B hairs 
were  similar  to  those  described  by  Rovner  (1978) 
and  Miller  et  al.  (1988)  in  Lycosidae;  but  judging 
from  their  photographs,  those  of  theraphosids 
have  a more  spine-like  appearance. 

Differences  in  hair  fine  structure  between 
Theraphosidae  and  Philodromidae  may  relate  to 
differences  in  adhesive  requirements  between 
both  taxa:  Philodromidae  are  small  sized,  light 
weight  (with  trachea);  whereas  Theraphosidae  are 
large  and  heavy  (with  booklungs  instead  of  tra- 
chea). Also  differences  in  hair  structure  would  be 
related  to  differences  in  hair  distribution,  which 
is  restricted  to  claw  tufts  in  Philodromus.  The 
resemblance  between  Type  B hairs  of  Lycosa  spp. 
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and  Theraphosinae  would  be  a case  of  functional 
convergence:  the  traction  role  during  locomotion 
established  by  Rovner  (1978)  in  the  former  and 
here  suggested  for  Theraphosidae.  This  is  also 
supported  by  the  wandering  behavior  of  both 
taxa. 

Functionally,  Type  A hairs  could  be  more  ad- 
hesive than  Type  B which  are  related  to  traction 
on  smooth  surfaces  in  Lycosa  spp.  (Rovner  1978). 
Type  B hair  morphology  (similar  to  Lycosa  spp.) 
along  with  the  increase  of  band  width  in  posterior 
legs,  support  their  traction  role  during  locomo- 
tion. In  large,  heavy  theraphosids  (some  of  them 
arboreal)  adhesive  requirements  probably  pre- 
dominated, favoring  Type  A hairs,  but  this  was 
not  the  case  for  small  and  light  species.  Conse- 
quently, functional  arguments  also  support  the 
influence  of  size  and  weight  in  determining  scop- 
ula  condition.  Mechanisms  of  adhesion  attrib- 
uted by  Roscoe  & Walker  (1991)  to  scopulae 
hairs  (molecular  adhesion  and  surface  tension 
effect)  would  be  both  related  to  spider  weight. 

In  lycosid  spiders,  which  do  not  climb  on 
smooth  surfaces,  the  main  role  attributed  to  sco- 
pular  hairs  (mainly  Type  A)  is  prey  capture  (Rov- 
ner 1978;  Miller  et  al.  1988).  In  theraphosids  it 
could  also  serve  in  prey  capture,  mainly  in  crev- 
ices. However,  considering  that  theraphosids  can 
climb  on  more  or  less  smooth  surfaces,  the  scop- 
ulae seem  to  play  a more  important  adhesive  role 
in  locomotion. 

Scopula  condition  would  not  only  reflect  adap- 
tive pressures  related  with  locomotion,  prey  cap- 
ture or  other  environmental  factors,  but  also  their 
interaction  with  spider  size  and  weight. 
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ON  THE  SPIDER  GENUS  RHOICINUS 
(ARANEAE,  TRECHALEIDAE) 

IN  A CENTRAL  AMAZONIAN  INUNDATION  FOREST 


Hubert  Hofer:  Staatliches  Museum  fur  Naturkunde,  Erbprinzenstr.  13,  76133 
Karlsruhe,  Germany 

Antonio  D.  Brescovit:  Museu  de  Ciencias  Naturals,  Fundagao  Zoobotanica  do  Rio 
Grande  do  Sul,  C.  P.  1188,  90.001-970  Porto  Alegre,  Brazil 

ABSTRACT.  The  male  of  Rhoicinus  gaujoni  Simon  and  the  new  species  Rhoicinus  lugato  are  described.  They 
co-occur  in  a whitewater-inundation  forest  in  central  Amazonia,  Brazil,  but  were  not  found  in  a nearby,  inten- 
sively studied  blackwater-inundation  forest.  Rhoicinus  gaujoni  builds  complex,  irregular  sheet  webs  on  the 
ground  with  a silk  tube  as  a retreat.  This  report  enlarges  the  distribution  of  the  genus  from  western  South 
America  to  the  central  Amazon  basin. 


The  spider  genus  Rhoicinus  was  proposed  by 
Simon  ( 1 898a),  based  on  the  type  species  R.  gau- 
joni, from  Ecuador.  Exline  (1950,  1960)  de- 
scribed five  new  species  in  the  genus,  R.  wallsi 
from  Ecuador  and  R.  rothi,  R.  schlingeri,  R.  an- 
dinus,  R.  weyrauchi,  all  from  Peru.  The  genus 
was  placed  in  the  Amaurobiidae  by  Lehtinen 
(1967),  followed  by  Platnick  (1989)  in  his  cata- 
logue; but  in  the  most  recent  philogenetic  clas- 
sification of  Lycosoidea,  Griswold  (1993)  placed 
it  in  the  family  Trechaleidae. 

Brescovit  (1993)  transferred  the  species  Relay o 
fuscus,  described  by  Caporiacco  (1947)  in  the 
Anyphaenidae  to  Rhoicinus,  but  as  it  is  an  im- 
mature specimen,  he  considered  it  as  species  “/T?- 
certae  sedis'\  To  date,  the  male  of  R.  rothi  is  the 
only  known  male  of  the  genus. 

During  sorting  and  identifying  numerous  spi- 
ders, collected  by  the  first  author  during  an  eco- 
logical project  in  a whitewater-inundation  forest 
near  Manaus,  we  found  males  and  females  of  R. 
gaujoni  and  the  male  of  an  undescribed  species. 
Rhoicinus  gaujoni  was  also  observed  by  the  col- 
lector in  the  study  area. 

COLLECTING  AREA  AND  METHODS 

All  spiders  were  collected  in  1987/88  during 
an  ecological  study  by  H.  Hofer  in  a whitewater- 
inundation  forest  (varzea).  The  study  area  is  sit- 


uated on  Ilha  de  Marchantaria  (3°1 5'S,  59®58'W), 
the  first  island  in  the  Solimoes-Amazon  river, 
approximately  1 5 km  above  its  confluence  with 
the  Rio  Negro.  The  forest  is  annually  flooded 
between  February  and  September  to  a depth  of 
3-5  m.  The  region  is  subject  to  a rainy  season 
(December  to  May)  and  a dry  season  (June  to 
November).  Specimens  of  Rhoicinus  gaujoni  were 
obtained  from  circular  pitfall  traps  (see  Platnick 
& Hofer  1990)  and  observed  in  their  webs.  The 
only  specimen  of  the  new  species,  R.  lugato,  was 
also  collected  in  a circular  pitfall  trap. 

The  material  examined  is  deposited  in  the  fol- 
lowing collections:  INPA,  Instituto  Nacional  de 
Pesquisas  da  Amazonia,  Manaus  (C.  Magalhaes); 
SMNK,  Staatliches  Museum  fur  Naturkunde, 
Karlsruhe  (H.  Hofer);  MCN,  Museu  de  Ciencias 
Naturais,  Fundagao  Zoobotanica  do  Rio  Grande 
do  Sul,  Porto  Alegre  (E.H.  Buckup);  MNHN, 
Museum  National  d’Histoire  Naturelle,  Paris  (C. 
Rollard). 

The  format  of  abbreviations  used  follows  Plat- 
nick & Shadab  (1975);  measurements  are  in  mil- 
limeters. 

Rhoicinus  gaujoni  Simon 
(Figs.  1-4,  8-11) 

Rhoicinus  gaujoni  Simon,  1 898a:  1 29  (four  female  syn- 
types  from  Zamora,  Depto.  Zamora-Chinchipe,  Ec- 


Figures  \ A. —Rhoicinus  gaujoni  Simon:  1,  left  male  palp,  ventral  view;  2,  same,  retrolateral  view;  3,  same, 
dorsal  view;  4,  cleared  epigynum,  ventral  view.  Scales  = 1.0  mm. 
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Figures  5-1  .—Rhoicinus  lugato,  new  species:  5,  left  male  palp,  dorsal  view;  6,  same,  ventral  view;  7,  same 
retrolateral  view.  Scale  = 1 .0  mm. 


uador  (Gaujon  col.),  in  MNHN  10382,  examined); 

1898b:322;  Exline  1960:587-590,  figs.  4-6,  8-11; 

Lehtinen  1967:444,  fig.  195. 

Diagmsis,— Rhoicinus  gaujoni  seems  closest 
to  R.  rothi,  but  males  can  be  distinguished  by 
the  presence  of  two  dorsal  spines  near  the  base 
of  the  cymbium  (Fig.  3)  and  a more  elongated 
median  apophysis  with  a broad  base  (Figs.  1,8, 
10).  Females  are  distinguished  by  an  irregular 
posterior  rim  of  the  epigynal  plaque  (Exline  1960: 
59 1 , fig.  10)  and  widely  spaced  spermathecae  (Fig. 
4). 

Male:  Carapace  orange-brown.  Chelicerae 
dark-brown.  Labium,  endites  and  sternum  brown. 
Abdomen  dark  gray,  with  anterior  dorsal  white 
spots.  Legs  orange.  Total  length  12.00.  Carapace 
5.80  long,  2. 10  wide.  Clypeus  0.45  high.  Vs  larger 
than  diameter  of  AME.  Chilum  with  median  in- 
vagination at  base.  From  front  and  above  ante- 
rior eye  row  recurved  (1.30),  posterior  eye  row 
recurved  (1.65).  Eye  sizes  and  interdistances: 


AME  0.30,  ALE  0.25,  PME  0.25,  PLE  0.25, 
AME- AME  0.10,  AME- ALE  0.10,  PME-PME 
0.20,  PME-PLE  0.35,  ALE-PLE  0.15.  MOQ 
length  0.50,  front  width  0.62,  back  width  0.65. 
Chelicerae  2.80  long  with  3 promarginal  and  3 
retromarginal  teeth.  Prominent  boss  present  an- 
terolaterally.  Abdomen  6.20  long,  1 .70  wide.  Leg 
formula  1243.  Length  of  legs:  I - femora  6.00, 
patellae  2.40,  tibiae  5.80,  metatarsi  6.60,  tarsi 
2.70,  total  23.50;  II  - 6.00,  2.30,  5.70,  6.20,  2.50, 
total  22.70;  III  - 5.40, 2.00, 4.00, 4.80,  2.00,  total 
18.20;  IV  - 6.00,  1.80,  5.40,  6.40,  2.60,  total 
22.20.  Leg  spination:  femora  I pl-1-1,  dl-1-1, 
rl-1-1,  II  pl-1-1,  dl-1-1,  r-l-Ul,  III  pl-1-1-1, 
dl-1-1,  rl-1-1,  IV  pl-1-1,  dl-1-1,  rO-0-1;  patel- 
lae WV  pi,  rl;  tibiae  HI  pi- 1-0,  v2-2-2,  rl-1- 
0,  II WV  pi -1-0,  V2-2-2,  rl-UO;  metatarsi  I-II 
pl-1-0,  v2-2-lr,  III-IV  pl-1-1,  V2-2-2,  rl-1-1. 
Palpal  tibiae  with  one  very  long,  heavy  spine  on 
prolateral  side.  Cymbium  elongate,  greatly  nar- 
rowed distally  (Fig.  1),  dorsally  near  base  with 
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Figures  ^-\\.—Rhoicinus  gaujoni  Simon,  scanning  electron  micrographs  of  left  male  palp,  8,  ventral  view 
50  x;  9,  retrolateral  view  80  x;  10,  ventral  view  of  palpal  bulb  200  x;  11,  interior  view  of  bulb  of  expanded 
palpus  1 80  X . c = conductor;  e = embolus;  ma  = median  apophysis;  ta  = terminal  apophysis. 


two  long,  very  heavy  spines  (Fig.  3).  Conductor 
short,  membranous.  Median  apophysis  heavily 
sclerotized,  with  broad  base  and  long,  narrow, 
curved  tip.  Embolus  long,  partially  coiled  (Figs. 
1^2,  8-=10). 

Female:  Described  by  Exline  (1960).  Internal 
cleared  epigynum  shows  four  spermathecae  with 
short  ducts  (Fig.  4). 

Variation:  Four  males:  total  length  11.00- 
12.00;  carapace  4.50-5.80;  femora  I 5.00-6.10. 
Eight  females:  total  length  10.00-1 3.20;  carapace 
4.80-5.60;  femora  I 4.60-5.40. 

Material  examined. —BRAZIL:  Amazonas:  Rio  So- 
limoes,  varzea  Ilha  da  Marchantaria(3°15'S,  59°58'W), 


20.x.  1987-26.1. 1988  (H.  Hofer),  8 <56,  5 92  (INPA, 
SMNK  328,  329,  866,  867,  868,  MCN  22194,  22195). 

Distribution.— Ecuador  and  northern  Brazil. 

Natural  history.— Rhoicinus  gaujoni  was  fre- 
quently observed  during  the  non-inundated  pe- 
riod (October  to  December)  in  webs  on  the 
ground,  often  at  the  base  of  tree  trunks,  some- 
times touching  webs  of  pholcids  {Blechroscelis 
spp.).  Webs  are  complex,  irregular  sheet  webs 
with  a silken  tube  as  a retreat.  They  are  easily 
confused  with  webs  of  the  co-occurring  diplurid 
species  Ischnothele  guyanensis.  Webs  of  both 
species  often  contain  kleptoparasitic  bugs  (Het- 
eroptera),  which  mimic  an  ant  (Hofer  1990).  We 
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also  found  uloborid  webs  {Philoponella  vittata) 
associated  with  Rhoicinus  webs. 

Rhoicinus  lugato  new  species 

(Figs.  5-1) 

Type.  — Male  holotype  from  a varzea  inun- 
dation forest  on  Ilha  de  Marchantaria  (3°15'S, 
59°58'W),  Rio  Solimoes,  Amazonas,  Brazil.  Col- 
lected by  circular  pitfall  trap  (13.XIL1987,  H. 
Hofer),  deposited  in  INPA. 

Etymology.— The  specific  name  is  an  arbitrary 
combination  of  letters. 

Brngmsis,— Rhoicinus  lugato  is  a distinct  spe- 
cies, easily  recognized  by  the  presence  of  a very 
large  ring  on  the  palpal  tibiae  and  an  extremely 
developed  median  apophysis  compared  with  the 
other  species  (Figs.  5-6). 

Male:  Coloration  as  in  R.  gaujoni  Simon,  ex- 
cept orange  colored  abdomen.  Total  length  7.30. 
Carapace  3.50  long,  2.60  wide.  Clypeus:  0.31 
high,  twice  diameter  of  AME.  Chilum  slightly 
invaginated  in  middle  of  base.  From  front  and 
above,  anterior  eye  row  recurved  (0.79),  poste- 
rior eye  also  recurved  (1.08).  Eye  size  and  in- 
terdistances: AME  0.16,  ALE  0.18,  PME  0.25, 
PLE  0.25,  AME-AME  0.05,  AME-ALE  0.05, 
PME-PME  0. 1 2,  PME-PLE  0.2 1 , ALE-PLE  0. 1 5, 
MOQ  length  0.39,  front  width  0.40,  back  width 
0.45.  Chelicerae  1.90  long,  with  3 promarginal 
and  3 retromarginal  teeth.  Prominent  boss  pres- 
ent anterolaterally.  Abdomen  3.70  long,  2.20 
wide.  Leg  formula  1423.  Length  of  legs:  I - fem- 
ora 4.00,  patellae  1 .30,  tibiae  4.20,  metatarsi  4.50, 
tarsi  2.10,  total  16.10;  II  - 4.00,  1.30,  3.90,  4.10, 
1 .90,  total  1 5.20;  III  - 3.50, 1 . 1 5, 2.80,  3.30, 1.50, 
total  12.25;  IV  - 4.0,  1.10,  4.20,  4.70,  1.95,  total 
15.95.  Leg  spination:  femora  I pO-1-1,  d- 1-1-1, 
rl-1-1;  II  pl-l-l,dl-l-l,rl-l-l;  III  pl-1-1,  dl- 
l-1, rl-1-1;  IV  pl-1-1,  dl-1-1,  rO-1-1;  patellae 
pi,  dl,  rl;  tibiae  I-IV  pl-1-0,  v2-2-2,  rl-1-0; 
metatarsi  I-II  pl-1-1,  v2-2-l,  rl-1-1,  III-IV  pl- 
1-1,  v2-2-2,  rl-1-1.  Palpal  tibiae  shorter  than  in 
R.  gaujoni,  with  more  enlarged  ring  and  one  very 
long,  heavy  spine  on  prolateral  side  (Fig.  5). 
Cymbium  elongate,  greatly  narrowed  distally, 
dorsally  near  base  with  one  long  and  very  heavy 
spine  (Fig.  7).  Conductor  short,  membranous. 
Median  apophysis  heavily  sclerotized,  extremely 
developed,  with  very  broad  base  and  long,  en- 
larged, uncurved  tip.  Terminal  apophysis  large, 
with  curved  tip.  Embolus  very  long,  partially 
coiled  (Figs.  5-6).  Note:  The  legs  I and  IV  of  the 
right  side  of  the  holotype  are  lacking. 

Female.-  Unknown. 


Material  examined.— Only  the  holotype. 

Distribution.™ Known  only  from  the  type  lo- 
cality. 

Natural  history. —Unknown. 
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ON  FOUR  SPECIES  OF  PSEUDOSCORPIONS  FROM 
CALIFORNIA  DESCRIBED  BY  E.  SIMON  IN  1878 
(PSEUDOSCORPIONIDA:  NEOBISIIDAE,  CHERNETIDAE, 

CHELIFERIDAE) 

William  B.  Muchmore:  Department  of  Biology,  University  of  Rochester,  Rochester, 
New  York  14627  USA 


ABSTRACT.— The  four  species  are  redescribed  in  modem  terms  and  their  identities  are  established,  based  on 
study  of  the  types  and  other  available  material.  Obisium  theveneti  is  newly  assigned  to  the  genus  Globocreagris 
Curcic;  Obisium  macilentum  is  placed  in  Fissilicreagris  Curcic;  Chelifer  (Chelanops)  acuminatus  is  confirmed 
in  Lustrochernes  Beier,  following  tentative  placement  in  that  genus  by  Beier  (1932b);  and  Chelifer  scabriculus 
is  left  in  Parachelifer  Chamberlin,  as  established  by  Chamberlin  (1932). 


In  a paper  entitled  “Descriptions  de  quelques 
Cheliferidae  de  Califomie”,  E.  Simon  (1878)  re- 
ported on  several  pseudoscorpions  collected  by 
his  former  colleague,  J.  Thevenet,  in  Mariposa, 
California.  He  commented  briefly  on  Chelifer 
cancroides  Linne,  which  he  said  was  common  in 
Mariposa,  and  described  four  new  species:  Chel- 
ifer scabriculus,  Chelifer  {Chelanops)  acumina- 
tus, Obisium  theveneti,  and  Obisium  macilen- 
tum. The  descriptions  were  sketchy  (by  today’s 
standards)  and  were  not  accompanied  by  mea- 
surements or  illustrations.  Beier  (1932  a,  b)  ap- 
parently reexamined  the  specimens  and  pre- 
sented brief  descriptions,  including  a few 
measurements  and  an  illustration  of  the  palp  of 
each  species,  except  C.  acuminatus.  Chamberlin 
(1952)  redescribed  Chelifer  scabriculus  on  the  ba- 
sis of  non-type  material,  without  study  of  the 
type.  No  other  serious  taxonomic  studies  of  these 
species  have  been  undertaken.  Complete  redes- 
criptions are  warranted  at  this  time  so  that  some 
features  not  previously  reported  (particularly  of 
the  genitalia)  can  be  understood  and  the  species 
can  be  clearly  recognized  and  compared  with 
other  described  specimens  and  taxa. 

METHODS 

Types  of  the  four  species  were  borrowed  from 
the  Museum  National  d’Histoire  Naturelle  in 
Paris  (MNHN).  Except  for  O.  theveneti,  which 
was  already  mounted  on  slides,  the  specimens 
were  dissected,  cleared,  and  mounted  in  Canada 
balsam  on  microscope  slides.  They  were  studied 
carefully  under  the  compound  microscope  and 
measurements  were  made  with  an  ocular  mi- 


crometer. Illustrations  were  prepared  by  direct 
projection  of  the  image  onto  paper.  Other  ma- 
terial has  come  from  the  Florida  State  Collection 
of  Arthropods  (FSCA)  and  the  collection  of  the 
University  of  California,  Davis  (UCDC).  Ab- 
breviated synonymies  are  given;  complete  syn- 
onymies can  be  found  in  Harvey  (1991).  Ter- 
minology follows  Chamberlin  (1931)  with  the 
exception  of  some  palp  and  leg  segments  (see 
Harvey  1992). 

SYSTEMATIC  SECTION 

Family  Neobisiidae  Chamberlin 
Genus  Globocreagris  Curcic 

Globocreagris  Curcic  1984:160. 

With  the  recognition  of  a second  species  in 
Globocreagris,  some  changes  in  the  diagnosis  of 
the  genus  as  given  by  Curcic  (1984:160,  165- 
166)  are  needed. 

It  is  clear  that  the  numbers  of  setae  on  various 
parts  of  the  body  are  more  varied  than  is  indi- 
cated by  Curcic;  for  example,  setae  on  the  chel- 
iceral  hand  vary  6-8  and  those  on  the  apex  of 
the  palpal  coxa  vary  4-6.  On  stemites  6,  7 and 
8 there  are  usually  two  setae  near  the  middle 
which  are  larger  than  the  other  setae  and  are 
distinctly  displaced  anteriad  (see  Chamberlin 
1952:265).  Whether  this  arrangement  can  be 
called  “biseriate”  is  a matter  of  definition,  but  it 
is  similar  to  that  in  Cryptocreagris  Curcic  (1984; 
1989;  1993)  and  only  differs  from  the  latter  in 
the  distances  the  median  setae  are  displaced.  In 
any  event,  the  arrangement  of  setae  on  the  ster- 
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Figures  \~3.—Globocreagns  theveneti  (Simon),  holotype  female.  1,  carapace;  2,  right  palp,  dorsal  view  (setae 
omitted);  3,  left  leg  IV  (setae  omitted). 


nites  is  certainly  not  “uniseriate”  as  character- 
ized by  Curcic  (1984:160,  165).  The  galea  is  not 
just  “quadrispinose”,  but  is  regularly  bifid-bifid, 
that  is,  with  two  equal  branches,  each  in  turn 
having  two  equal  (smaller)  branches  (see  Cham- 
berlin 1952:  fig.  II).  As  seen  in  larger  numbers 
of  specimens,  the  positions  of  the  trichobothria 
on  the  palpal  chela  are  not  as  regular  as  curcic 
specified  (1984:160);  in  particular,  the  distances 
‘T  to  sf"  and  to  sZ?”  are  usually  not  equal,  but 
may  vary  significantly  in  either  direction. 

A definitive  diagnosis  of  Globocreagris  cannot 
be  prepared  until  other  species  of  this  and  related 
genera  are  described  and  compared.  However,  it 
appears  now  that  the  main  diagnostic  features 
are:  genitalia  of  male  with  large  distinct,  globular 
lateral  sacs  and  without  dorsal  sacs;  posterior 
genital  operculum  (stemite  3)  of  male  without  a 
V-shaped  cleft  at  the  middle  of  the  anterior  mar- 


gin; setae  on  apex  of  palpal  coxa  numbering  4- 
6;  appendages,  especially  the  palps,  robust. 

Globocreagris  theveneti  (Simon) 
new  combination 
(Figs.  1-3) 

Obisium  Theveneti  Simon  1878:156-157. 

Ideobisium  thr evened  [sic]  (Simon):  Banks  1895:1;1911: 
639-640,  fig.  210A. 

Microcreagris  theveneti  (Simon):  Beier  1932a:  147,  fig. 
179;  Hoff  1958:10. 

(for  more  complete  synonymy,  see  Harvey  1991:345). 

Type  data.— Holotype  female,  dissected  and 
mounted  on  three  slides,  numbered  723,  724, 
725;  labelled  “Microcreagris  (M.)  Theveneti 
Simon,  type,  Amerique  Nord,  Califomie,  Mar- 
iposa, col.  Mus.  2385”  [USA:  California:  Mar- 
iposa County,  Mariposa].  Deposited  in  MNHN; 
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examined.  Slide  no.  723  bears  the  body  (ceph- 
alothorax  and  abdomen  separate),  1 chelicera, 
and  6 legs;  no.  724  bears  1 leg  I,  1 leg  IV,  and  1 
chelicera;  and  no.  725  bears  both  palps,  chelae 
broken. 

Redescription. — Beier  (1932a)  gave  a short  de- 
scription and  an  illustration  of  the  right  palp  of 
Microcreagris  theveneti  (possibly  based  on  the 
type  specimen).  His  data  differ  a bit  from  those 
given  here. 

Palps  medium  brown,  other  parts  lighter.  Car- 
apace (Fig.  1)  a little  longer  than  broad;  epistome 
distinct,  rounded;  surface  smooth;  no  transverse 
furrow  visible  (surface  dirty);  4 large  eyes;  about 
24  setae,  4 at  anterior  and  6 at  posterior  margin. 
Coxal  area  typical;  apex  of  palpal  coxa  with  4 
and  5 long  setae,  right  and  left  respectively.  Ab- 
dominal tergites  and  stemites  entire;  surfaces 
smooth;  pleural  membranes  granulate.  Tergal  se- 
tae difficult  to  count  because  of  breakage,  but 
apparently  about  1 2 on  middle  segments.  Sternal 
chaetotaxy  5 :(6)  1 1 (6):(5)  1 1 (6):  14:2/14:2/15:1/15: 
?:?:T  1 T2T 1 T:2;  stemites  6--8  dehnitely  biseriate. 
Internal  genitalia  not  visible.  Chelicera  2/3  as 
long  as  carapace;  right  hand  with  7 setae,  left 
hand  with  6;  flagellum  of  8 setae,  all  denticulate; 
galea  twice  bifid  in  distal  half;  12-15  small  teeth 
on  each  finger.  Palp  (Fig.  2)  somewhat  robust; 
femur  1.05  x and  chela  1.65  x as  long  as  cara- 
pace. Trochanter  1.8  x,  femur  3.45  x,  patella 
2.1  X,  and  chela  (without  pedicel)  2.7  x longer 
than  broad;  hand  (without  pedicel)  1.5  x longer 
than  deep;  movable  finger  0.95  x as  long  as  hand. 
Surfaces  all  smooth  except  few  small  granules  on 
trochanter  and  chelal  hand.  Trichobothria  as 
shown  in  Fig.  2.  Fixed  finger  with  about  58  con- 
tiguous teeth,  a few  distal  ones  cusped,  the  others 
rounded;  movable  finger  with  about  55  similar 
teeth.  Legs  rather  slender;  leg  IV  with  femur  + 
patella  3.2  x and  tibia  5.3  x longer  than  deep.  A 
tactile  seta  on  tibia  and  each  tarsus  of  leg  IV. 
Subterminal  tarsal  setae  forked  at  distal  third; 
arolia  entire,  shorter  than  claws.  Measurements 
(mm):  Body  length  3.70.  Carapace  length  1.29. 
Chelicera  length  0.87.  Palpal  trochanter  0.67/ 
0.39;  femur  1.35/0.40;  patella  1.10/0.525;  chela 
(without  pedicel)  about  2. 1 5/0.80;  hand  (without 
pedicel)  about  1.20/0.80;  pedicel  length  0.18; 
movable  finger  length  1.11.  Leg  I:  femur  0.66/ 
0.235;  patella  0.45/0.21.  Leg  IV:  femur  + patella 
1.32/0.41;  tibia  1.24/0.235;  basitarsus  0.45/0.18; 
telotarsus  0.58/0.16. 

Variation.— At  hand  is  a small  collection  of  G. 


theveneti  from  Napa  County,  California;  of  these, 
four  males  and  four  females  have  been  mounted 
and  studied.  They  are  in  much  better  condition 
than  the  holotype  and  provide  additional  infor- 
mation about  the  species.  Males  and  females 
much  alike  except  for  genital  stmctures.  On  the 
carapace,  the  epistome  is  more  prominent  in 
males  than  in  females;  setae  at  the  posterior  mar- 
gin may  vary  5-1.  Usually  five  long  setae  on  apex 
of  palpal  coxa,  but  occasionally  four  or  six.  Ter- 
gal chaetotaxy  of  one  specimen  6:12:13:12:12: 
13:15:14:1 1:1 1:T1T4T1T:2,  others  similar. 
Sternal  chaetotaxy  of  one  male  36:[2-2]:(7)15/ 
16(7):  (6)14(6):19:2/18:2/17:2/15:18:19:1T4T1: 
2,  other  males  similar;  anterior  stemites  of  one 
female  6:(7)14(7);(7)12(7):-;  distribution  of  setae 
on  genital  opercula  of  male  and  female  essen- 
tially as  shown  for  G.  nigrescens  by  Curcic  (1984: 
figs.  13,  16);  on  stemites  6-8  two  larger  setae 
near  middle  of  row  are  definitely  discal  in  po- 
sition, and  on  9 and  10  two  larger  setae  are  only 
a little  displaced  anteriorly.  Internal  genitalia  of 
male  much  like  those  shown  for  G.  nigrescens  by 
Chamberlin  (1952:  figs.  lA,  IB),  lateral  genital 
sacs  heavy-walled  and  much  expanded;  internal 
genital  stmctures  of  female  not  seen  clearly.  Hand 
of  chelicera  with  6-8  setae;  galea  of  both  sexes 
twice  bifid  in  distal  half,  that  of  male  only  a little 
smaller  than  that  of  female.  Palps  somewhat  var- 
ied in  size  and  proportions:  trochanter  1.65- 
1.85  X,  femur  2.9-3.4x,  patella  1.9-2.3x,  and 
chela  (without  pedicel)  2.65-2.9  x longer  than 
broad;  hand  (without  pedicel)  1.5-1.7x  longer 
than  deep;  movable  finger  0.95-0.99  as  long  as 
hand.  Fixed  finger  of  chela  with  62-72  teeth  and 
movable  finger  with  63-75.  Legs  slender,  rather 
varied  in  proportions:  leg  IV  (Fig.  3)  with  femur 
+ patella  3. 1 5-3.65  x and  tibia  5. 3-6.0  x as  long 
as  deep.  Measurements  (mm):  (Ranges  for  four 
males  and  four  females.)  Body  length  4.08-6.09. 
Carapace  length  1 .22-1 .50.  Chelicera  length  0.79- 
0.96.  Palpal  trochanter  0.64-0.815/0.37-0.445; 
femur  1.26-1.48/0.38-0.51;  patella  1.05-1.24/ 
0.51-0.635;  chela  (without  pedicel)  1.93-2.41/ 
0.725-0.90;  hand  (without  pedicel)  1.12-1.31/ 
0.665-0.865;  pedicel  length  0.15-0.21;  movable 
finger  length  1.04-1.30.  Leg  IV  femur  + patella 
1.19-1.43/0.325-0.42;  tibia  1.04-1.26/0.18- 
0.235. 

Diagnosis.— Compared  with  Globocreagris  ni- 
grescens (Chamberlin),  the  only  other  species  in 
the  genus,  G.  theveneti  is  much  larger  (palpal 
femur  length  1.26-1.47  vs.  1,09-1.12  mm)  and 
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Figures  4-%.— Fissilicreagris  macilenta  (Simon).  4,  internal  genitalia  (parts  displaced  relative  to  one  another) 
of  holotype  male;  5,  galea  of  holotype  male.  6-8,  male  from  Santa  Clara  County,  California:  6,  anterior  and 
posterior  genital  opercula  of  male  from  Santa  Clara  County,  Calif.;  7,  right  palp,  dorsal  view  of  male  from  Santa 
Clara  County,  Calif.;  8,  left  chela,  lateral  view  (setae  omitted;  darkened  trichobothrial  areoles  are  underneath) 
of  male  from  Santa  Clara  County,  Calif. 


the  legs  are  more  slender  (leg  IV  femur  + patella 
3.1 5-3.65  X V5.  2.7  X as  long  as  deep). 

Remarks. —The  assignment  of  Obisium  Thev- 
eneti  Simon  to  Globocreagris  seems  secure,  in 
spite  of  the  fact  that  the  unique  type  is  a female. 
The  holotype  is  certainly  conspecific  with  the 
specimens  from  Napa  County,  the  males  of  which, 
in  turn,  are  certainly  congeneric  with  Microcrea- 
gris  nigrescens  Chamberlin,  the  type  species  of 
Globocreagris.  As  a matter  of  fact,  Chamberlin 
(1952:268)  recognized  that  his  new  species,  M 
nigrescens,  is  “close  to  M.  theveneti  (Simon)”. 

Material  examined.— Holotype  (see  above).  USA: 
California:  Napa  County,  White’s  Cave  entrance,  3.2 


km  N of  St.  Helena,  antifreeze  pitfall  trap,  1 8 Novem- 
ber 1987  to  20  March  1988,  R.  Aalbu,  4 3,  4 9 (FSCA). 

Genus  Fissilicreagris  Curcic 
Fissilicreagris  Curcic  1984:154. 

As  for  Globocreagris  (above),  it  is  not  yet  pos- 
sible to  give  a definitive  diagnosis  of  this  genus. 
According  to  Curcic  (1984),  the  type  species  of 
Fissilicreagris  is  Microcreagris  chamberlini  Beier; 
however,  as  mentioned  below,  no  detailed  de- 
scription of  that  species  exists  (the  specimens 
described  by  Curcic  are  not  types  and  may  or 
may  not  belong  to  chamberlini).  Further  study 
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of  the  species  in  Fissilicreagris  and  related  genera 
is  needed.  Nevertheless,  it  appears  now  that  the 
main  diagnostic  features  are:  internal  genitalia  of 
male  with  long,  more  or  less  cylindrical,  lateral 
sacs  and  with  two  small,  globular  dorsal  sacs; 
posterior  genital  operculum  (stemite  3)  of  male 
with  a small  but  distinct  V-shaped  groove  at  mid- 
dle of  anterior  margin;  setae  on  apex  of  palpal 
coxa  numbering  3 or  4;  appendages  long  and 
slender. 

Fissilicreagris  macilenta  (Simon) 
new  combination 
(Figs.  4--8) 

Obisium  macilentum  Simon  1878:157-158. 
Microcreagris  macilenta  (Simon):  Beier  1 932a:  1 54,  fig. 
186;Roewer  1937:252;  Hoff  1958:10;  Harvey  1991: 
343  (in  part). 

Microcreagris  duncani  Chamberlin  1930:33,  fig.  3B; 
Chamberlin  1931:  figs.  lA,  C,  D,  F,  H,  I,  J,  M,  Q, 
17J. 

Not  Obisium  macilentum  (Simon):  Banks  1895:12; 
Banks  1904:364;  Coolidge  1908:113;  Banks  1911: 
639,  fig.  210G;  Moles  1914:195;  Moles  & Moore 
1921:9.  (misidentifications:  see  Remarks  below). 
Not  Microcreagris  macilentum  (Simon):  Chamberlin 
1930:31  (misidentification  for  M chamberlini  Beier 
1931:301). 

Type  data.  — Holotype  male,  labelled  '‘Obis- 
ium macilentum  E.  Sim.,  Calif  Mariposa.  2386” 
[USA:  California:  Mariposa  County,  Mariposa]. 
Deposited  in  MNHN;  examined.  Left  chelicera 
and  both  palps  missing. 

Redescription.— The  type  collection  presently 
consists  of  a single  damaged  specimen,  missing 
notably  the  left  chelicera  and  both  palps.  In  1 932, 
however,  Beier  gave  a description  and  illustra- 
tion of  Microcreagris  macilenta  which  indicates 
the  availability  at  that  time  of  more  than  one 
complete  specimen.  The  present  whereabouts  of 
such  other  specimens  is  unknown,  and  the  in- 
dividual at  hand  must  be  considered  the  holo- 
type. The  following  description  is  based  on  the 
holotype  and  the  descriptions  by  Simon  (1878: 
157)  and  Beier  (1932a:  154). 

Carapace  and  palps  reddish  brown,  other  parts 
lighter,  yellowish  brown.  Carapace  about  as  long 
as  broad;  epistome  very  low,  triangular;  surface 
smooth;  no  transverse  furrow  evident;  4 small, 
faint  eyespots;  setae  not  discernible  on  type,  but 
Beier  reported  4-6,  24.  Coxal  area  typical;  Beier 
reported  4 setae  on  the  apex  of  the  palpal  coxa 
(maxilla).  Abdominal  tergites  and  sternites 
smooth;  pleural  membranes  longitudinally  gran- 
ulostriate.  Beier  reported  tergites  with  about  12 


and  sternites  with  about  16  marginal  setae,  the 
latter  without  clearly  differentiated  discal  setae. 
Internal  genitalia  somewhat  dislocated  by  prep- 
aration, but  2 delicate,  globular  (dorsal)  sacs  and 
2 long  wrinkled  lateral  sacs  are  evident  (Fig.  4), 
similar  to  those  of  Microcreagris  phyllisae  Cham- 
berlin (1930)  as  illustrated  in  the  redescription 
by  Chamberlin  (1962:  figs.  12F,  G,  I).  Chelicera 
0.65  as  long  as  carapace;  hand  with  6 setae;  fla- 
gellar setae  not  countable;  spinneret  a short  stylet 
with  1 or  2 terminal  denticulations  (Fig.  5). 

Palp  (after  Beier  1932a:  154,  fig.  186):  slender; 
trochanter  2.5  x,  femur  3. 7-4. 4 x [4.5  calculat- 
ed], patella  (tibia)  2. 8-3. 2 x , and  chela  (with  ped- 
icel) 3. 8-4. 3 X longer  than  broad;  hand  (with 
pedicel)  about  2.0  x longer  than  deep;  movable 
finger  about  1.3  x longer  than  hand.  Surfaces  of 
femur  medially  and  hand  at  base  of  fingers  heavi- 
ly granulate,  patella  finely  granulate.  Tricho- 
bothria  shown  as  typical  for  Microcreagris.  Fixed 
finger  with  55-63  and  movable  finger  with  57- 
64  teeth.  Legs  rather  slender;  leg  IV  with  femur 
+ patella  3.0  x and  tibia  5.25  x longer  than  deep. 
Tactile  seta  on  tibia  and  both  tarsi.  Measure- 
ments (mm):  (Combination  of  my  measurements 
of  the  holotype  and  those  given  by  Beier,  1932a). 
Body  length  2.0-2. 5.  Carapace  length  0.60.  Che- 
licera length  0.39.  Palpal  trochanter  0.41/0.15; 
femur  0.72/0.16;  patella  0.66/0.22;  chela  (with 
pedicel)  about  1.1-1 .2/.28  [calculated];  hand  (with 
pedicel)  0.56/0.28;  finger  length  0.72.  Leg  I:  fe- 
mur 0.31/0.1 1;  patella  0.20/0.10.  Leg  IV:  femur 
+ patella  0.48/0.16;  tibia  0.445/0.085;  basitar- 
sus  0.17/0.075;  telotarsus  0.265/0.065. 

Variation.— At  hand  are  a male  and  a female 
from  Santa  Clara  County,  California,  (about  200 
km  WSW  of  Mariposa,  the  type  locality)  which 
are  similar  to  the  type  of  Obisium  macilentum 
and  are  in  better  condition.  Additional  infor- 
mation has  been  gleaned  from  them.  The  male 
is  about  the  same  size  as  the  holotype,  the  female 
somewhat  larger.  Setae  on  carapace  total  24  (4- 
6),  as  reported  by  Beier  (1 932a).  There  are  3 setae 
on  the  apex  of  the  palpal  coxa,  rather  than  4 as 
reported  by  Beier.  Tergal  chaetotaxy  of  the  male 
8:12:11:11:12:12:12:12:12:9:T2T:2,  the  female 
similar.  Sternal  chaetotaxy  of  the  male  23: [4-3]: 
(4)7/9(4):(4)  1 0(4):  1 3: 1 4: 1 4: 1 5 : 1 4: 1 2:T  1 T 1 T 1 T: 
2;  anterior  sternites  of  female  8:(5)  1 1 (5):(4)  1 1 (4): 
-,  others  similar  to  male;  setal  arrangement  es- 
sentially uniseriate,  but  2 setae  near  the  middle 
of  sternites  6-9  slightly  larger  and  displaced  a 
little  cephalad.  At  the  middle  of  the  anterior  mar- 
gin of  the  posterior  genital  operculum  (stemite 
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Figures  9-\2.—Lustrochernes  acuminatus  (Simon).  9,  lectotype  male,  right  palp,  dorsal  view;  10,  lectotype 
male,  left  chela,  lateral  view  (setae  omitted;  darkened  trichobothrial  areoles  are  underneath);  1 1 , lectotype  male, 
left  leg  IV  (setae  omitted);  1 2,  spermathecae  of  female  from  Shasta  County,  Calif 


3)  of  the  male  is  a small  but  distinct  cleft  (Fig. 
6),  as  described  for  the  genus  Fissilicreagris  by 
Curcic  (1984:  fig.3).  Internal  genitalia  of  male 
similar  to  those  of  Microcreagris  phyllisaeChMa- 
berlin,  as  shown  by  Chamberlin  (1962:  fig.  12F), 
but  the  pair  of  dorsal  sacs  are  very  thin-walled. 
Cheliceral  hand  with  6 setae;  flagellum  of  7 or  8 
finely  denticulate  setae,  the  proximal  one  short; 
spinneret  of  male  a short  stylet  with  terminal 
denticulations,  that  of  female  longer  and  termi- 
nally twice  bifid.  Palp  (Fig.  7)  much  as  shown 
and  reported  by  Beier:  (data  given  first  for  male, 
then  for  female):  trochanter  2.55,  2.45,  femur 
4.15,  4.3,  patella  2.85,  2.75,  and  chela  (with  ped- 
icel) 4.45,  4.0  X longer  than  broad;  hand  (with 
pedicel)  2.25,  2.0  x longer  than  deep;  movable 
finger  1 .2 1 , 1 . 1 3 x as  long  as  hand.  Trichobothria 
as  shown  in  Fig.  8;  on  movable  finger  st  a little 


closer  to  t than  to  sb\  on  fixed  finger  ib  closer  to 
level  of  esb  than  to  isb.  Fixed  finger  with  52-55 
marginal  teeth,  most  cusped;  movable  finger  with 
52-57  teeth,  the  distal  7-8  small,  cusped,  the 
others  larger,  rounded.  Leg  IV  with  femur  + pa- 
tella 2. 9-3. 3 X and  tibia  4. 5-5. 2 x longer  than 
deep.  Measurements  (mm):  Body  length  2.0-2.85. 
Carapace  length  0.56-0.60.  Chelicera  length 
0.325-0.38.  Palpal  trochanter  0.33-0.38/0.13- 
0.155;  femur  0.58-0.70/0.14-0.16;  patella  0.50- 
0.59/0.18-0.215;  chela  (without  pedicel)  0.97- 
1.07/0.235-0.29;  hand  (without  pedicel)  0.42- 
0.495/0.22-0.29;  pedicel  0.08-0.09;  movable 
finger  length  0.605-0.66.  Leg  1:  femur  0.265- 
0.295/0.095-0.105;  patella  0.19-0.21/0.085- 
0. 105.  Leg  IV:  femur  + patella  0.465-0.555/0. 1 5- 
0. 1 6;  tibia  0.40-0.47/0.08-0.09;  basitarsus  0. 1 6- 
0.18/0.07;  telotarsus  0.245-0.265/0.06. 
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Figure  Ht.—ParacheUferscabriculus  (Simon),  holotype  female:  right  palp,  dorsal  view  (setae  omitted). 


J^m^nmis.—Fissilkreagris  macilenta  is  diffi- 
cult to  diagnose.  With  the  inclusion  of  the  two 
specimens  from  Santa  Clara  County,  its  char- 
acters seem  firmly  established.  However,  F. 
chamberlini  (Beier),  type  species  of  Fissilicrea- 
gris  Curcic  and  only  other  known  species  in  the 
genus,  is  not  well  defined— not  Chamberlin,  nor 
Beier,  nor  Curcic  have  given  any  detailed  de- 
scription of  the  types.  Therefore,  until  F.  cham- 
berlini is  better  known,  no  meaningful  compar- 
ison can  be  made  with  macilenta. 

Remarks*— There  is  no  doubt  that  the  two 
specimens  from  Santa  Clara  County  are  conspe- 
cific  with  the  holotype;  no  major  differences  in 
their  characters  can  be  seen.  Obisium  macilen- 
turn  Simon  is  here  placed  in  the  genus  Fissili- 
creagris  because  of  the  possession  of  a small  cleft 
at  the  middle  of  the  anterior  margin  of  the  pos- 
terior genital  operculum  (stemite  3)  of  the  male 
(Curcic  1984).  However,  the  internal  genitalia  of 
the  male  are  much  like  those  in  the  genus  Sae- 
tigerocreagris  Curcic  (1984)  and  Tartarocreagris 
Curcic  (see  Muchmore  1992). 

Because  of  great  similarity  in  overall  habitus, 
Fissilicreagris  macilenta  and  one  or  another  spe- 
cies of  the  genus  Parobisium  Chamberlin  have 
been  confused.  Actually,  the  two  are  easily  dis- 
tinguished by  the  nature  of  the  spinneret  on  the 
chelicera  - long  and  dentate  or  branched  in  Fis- 
silicreagris, but  low  and  knoblike  or  galeate  in 
Parobisium.  However,  among  others,  Banks 
(1895,  1911)  characterized  Obisium  macilentum 
as  having  no  stylet  (spinneret)  on  the  chelicera, 
and  Moles  & Moore  (1921)  credited  Obisium 
macilentum  with  having  “spinneret  small  knob.” 
Thus,  many  early  records  of  this  species  are  er- 
roneous or  suspect  (see  synonymy). 

Material  examined*  — Holotype  (see  above).  USA: 
California:  Santa  Clara  County;  1 2 km  S of  Los  Gatos, 


Santa  Cruz  Mts.,  23  February  1963,  1.  Westcott,  1 
6.5  km  NE  of  Big  Basin,  oak  duff,  18  May  1976,  S. 
Kuba,  1 $ (both  in  FSCA). 

Family  Chemetidae  Menge 
Genus  Lustrochernes  Beier 
Lustrochernes  acuminatus  (Simon) 

(Figs.  9-12) 

Chelifer  (Chelanops)  acuminatus  Simon  1878:156. 
Lustrochernes  (!)  acuminatus  (Simon):  Beier  1932b:95; 

Hoff  1958:21. 

(for  more  complete  synonymy,  see  Harvey  1991:594). 

Type  data.— Two  male  types,  labeled  “Lus- 
trochemes  acuminatus  E.  S.,  Types.  2384.”  No 
locality  data  with  types,  but  original  description 
mentions  Mariposa,  California  [USA:  Califor- 
nia: Mariposa  County,  Mariposa].  One  of  the 
types  (No.  2384-1)  is  here  designated  the  lec- 
totype,  the  other  (No.  2384-2)  becoming  the  par- 
alectotype.  Deposited  in  MNHN;  examined.  Both 
fingers  are  missing  from  right  palpal  chela  of  the 
lectotype. 

Redescription.— Carapace  and  palps  reddish 
brown,  other  parts  yellowish  brown.  Carapace 
longer  than  broad;  surface  smooth  and  shiny, 
with  2 faint  transverse  furrows;  2 eyespots;  setae 
acuminate.  Abdominal  tergites  and  stemites  di- 
vided; surfaces  smooth;  1 8 or  more,  apparently 
acuminate,  setae  on  each  middle  tergite;  sternal 
setae  too  faint  to  enumerate.  Internal  genitalia 
faint,  but  clear  enough  to  show  great  similarity 
to  those  of  other  Lustrochernes  without  a ventral 
process  (e.  g.,  L.  caroUnensis  Muchmore,  1991); 
there  definitely  is  no  long  process  like  that  in  L. 
grossus  (Banks)  from  Arizona  and  New  Mexico. 
Chelicera  0.37  as  long  as  carapace;  hand  with  5 
setae;  flagellum  of  3 setae;  galea  long,  slender, 
with  5-6  small  rami.  Palp  (Fig.  9)  robust;  femur 
about  0.95  and  chela  about  1.5  x as  long  as  car- 
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apace.  Trochanter  1.4-L8x,  femur  2.3-2.35  x, 
patella  1.95  x , and  chela  (without  pedicel)  2.45- 
2.75  X longer  than  broad;  hand  (without  pedicel) 
1. 6 5“  1 . 7 X longer  than  deep;  movable  finger  0.85 
as  long  as  hand.  Medial  surfaces  of  all  segments 
finely  granulate.  Trichobothria  as  shown  in  Fig. 
10;  it  much  closer  to  finger  tip  than  distance  be- 
tween ist  and  isb.  Fixed  chelal  finger  with  about 
35  and  movable  finger  with  about  40  cusped  teeth; 
each  finger  with  9-10  external  and  3 internal 
accessory  teeth.  Venom  apparatus  in  movable 
finger  only.  Legs  rather  robust:  leg  IV  (Fig.  1 1) 
with  femur  + patella  2.9-2.95  x , tibia  3. 9-4. 2 x , 
and  tarsus  4.0-4.05  x longer  than  deep.  Long 
tactile  setae  on  patella,  tibia  and  tarsus  of  leg  IV. 
Measurements  (mm):  Figures  given  first  for  lec- 
totype,  followed  in  parentheses  by  those  for  par- 
alectotype.  Body  length  3.81  (4.11).  Carapace 
length  1.04  (1.08).  Chelicera  length  0.385  (0.40). 
Palpal  trochanter  0.58  (0.60)/0.40  (0.35);  femur 
1.02  (1.05)70.445  (0.45);  patella  0.94  (0.975)70.48 
(0.495);  chela  (without  pedicel)  1.54  (1.61)70.56 
(0.61);  hand  (without  pedicel  0.93  (0.97)70.54 
(0.59);  pedicel  length  0.09  (0.105);  movable  fin- 
ger length  0.77  (0.8 1 5).  Leg  I:  femur  0.295  (0.32)7 
0.20  (0.21);  patella  0.54  (0.555)70.205  (0.215); 
tibia  0.52  (0.55)70.14  (0.15);  tarsus  0.42  (0.445)7 
0. 10  (0. 105).  Leg  IV:  femur  + patella  0.92  (0.96)7 
0.32  (0.325);  tibia  0.755  (0.78)70.18  (0.205);  tar- 
sus 0.51  (0.52)70.125  (0.13). 

Variation.— At  hand  are  8 males  and  36  fe- 
males from  Riverside,  San  Bernardino,  Los  An- 
geles, San  Luis  Obispo,  El  Dorado,  and  Shasta 
counties,  California,  and  Latah  County,  Idaho, 
which  appear  conspecific  with  the  types.  They 
are  mounted  on  slides  and  have  been  studied 
carefully  to  yield  important  supplemental  infor- 
mation. They  reveal  that  the  species  is  highly 
variable  in  size  and  moderately  variable  in  pro- 
portions. 

Males  are  about  the  same  size  as  the  types, 
females  a little  larger.  Carapace  with  about  70 
setae,  4 at  anterior  and  12-15  at  posterior  mar- 
gin. Tergal  chaetotaxy  of  one  male  13:17:14:18: 
22:2 1 :22:23:23:23:T5TTTT4T:2,  others  similar. 
Sternal  chaetotaxy  of  same  male  28:[4-3]: 
(4)14(3):(1)9(1):24:25:27:27:28:22:T3TTTT4T: 
2,  other  males  generally  similar;  anterior  chae- 
totaxy of  one  female  24:(3)12(3):(  1)7(1):-,  other 
females  similar.  Internal  genitalia  of  males  like 
those  of  types  and  very  similar  in  shape  to  those 
ofL.  carolinensis  Muchmore  (1991)  but  some- 
what more  heavily  sclerotized.  Spermathecae  of 
female  (Fig.  1 2)  with  terminal  sacs  round  or  oval 


in  outline,  rather  like  those  of  L.  viniai  Dumi- 
tresco  and  Orghidan  from  Cuba  and  Florida  (see 
Muchmore  1991).  Chelicera  about  Vs  as  long  as 
carapace;  hand  with  5 setae,  bs,  sbs  and  es  finely 
denticulate;  galea  of  male  about  same  size  as  that 
of  female,  long  slender,  with  5-6  rami.  Palp  with 
femur  0.85-0.95  and  chela  1.35-1.5  x as  long  as 
carapace;  trochanter  1 .6-2.0  x , femur  2.3-2.65  x , 
patella  1 .9-2.2  x , and  chela  (without  pedicel)  2.4- 
2.8  X longer  than  broad;  hand  (without  pedicel) 
1 .6-1.85  X longer  than  deep;  movable  finger  0.7- 
0.8  X as  long  as  hand.  Fixed  chelal  finger  with 
35-39  and  movable  finger  with  38-42  cusped 
marginal  teeth,  and  each  finger  with  8-12  exter- 
nal and  2-4  internal  accessory  teeth.  Leg  IV  with 
femur  + patella  2. 9-3. 3 x , tibia  4.05-4.6  x , and 
tarsus  4.0-4. 3 x longer  than  deep.  Measurements 
(mm):  Body  length  3. 1-5.7.  Carapace  length  1 .04- 
1.30.  Chelicera  length  0.37-0.45.  Palpal  tro- 
chanter 0.51-0.6970.27-0.40;  femur  0.87-1.147 
0.355-0.48;  patella  0.82-1.1070.40-0.55;  chela 
(without  pedicel)  1.41-1.9070.53-0.74;  hand 
(without  pedicel)  0.865-1.1570.52-0.68;  pedicel 
length  0.10-0.15;  movable  finger  length  0.67- 
0.68.  Leg  IV:  femur  -f  patella  0.86-1.1070.27- 
0.43;  tibia  0.68-0.8970. 1 6-0.2 1 ; tarsus  0.47-0.577 
0.11-0.15. 

Diagnosis. —Generally  similar  to  Lustroch- 
ernes  grossus  (Banks)  from  Arizona,  Colorado 
and  New  Mexico  (see  Muchmore  1991),  but  a 
little  larger  (palpal  femur  length  usually  >0.95 
mm);  without  the  distinctive,  long,  anteriorly  di- 
rected ventral  process  seen  in  the  internal  geni- 
talia of  male  L.  grossus;  and  spermathecae  of 
female  small  and  globular  or  ovoid  rather  than 
hammer-shaped  as  in  L.  grossus. 

Material  examined.— Lectotype  and  paralectotype 
(see  above).  USA:  California:  Los  Angeles  County;  San 
Gabriel  Mts.,  Chilad  Flats,  under  elytra  Ergates  (Cer- 
ambycidae),  21  June  1953,  A.  Menke,  1 $ (UCDC); 
Jackson  Lake  (NW  of  Wrightwood),  27  July  1968,  R. 
S.  Cheary,  1 S (FSCA);  Riverside  County:  Idyllwild,  20 
May  1969,  K.  W.  Cooper,  3 3,  2 9 (FSCA);  San  Ber- 
nardino County:  Barton  Flat,  from  Pinus  jeffreyi,  24 
May  1956,  H.  Ruckes  & B.  J.  Adelson,  1 9 (UCDC); 
San  Bernardino  Mts.,  Poopout  Hill,  2450  m,  under 
ponderosa  pine  bark,  31  May  1969,  K.  W.  Cooper,  2 
3,  3 9 (FSCA);  Cienaga  Seco  (NE  of  Redlands),  19 
September  1969,  K.  W.  Cooper,  I 9 (FSCA);  Ventura 
County:  Grade  Valley,  7 May  1959,  G.  I.  Stage,  3 9 
(UCDC);  San  Luis  Obispo  County:  La  Panza  Camp, 
1 9 km  NE  of  Pozo,  under  bark  Pinus  coulteri,  J,  Powell, 
2 9 (UCDC);  El  Dorado  County:  Snowline  Camp,  un- 
der elytra  of  Alanus  [SIC!-  probably  Alans  (Elateri- 
dae)],  24  June  1948,  S.  A.  Sher,  2 3,  22  9 (UCDC); 
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Shasta  County:  8 km  NE  of  Old  Station,  4 June  1978, 
T.  R.  Haig,  1 9 (FSCA).  Idaho:  Latah  County,  Moscow, 
on  Prionus  calif ornicus  (Cerambycidae),  5 August  1971, 
A.  Greene,  1 <5  (FSCA). 

Remarks.— No  original  details  and  no  mea- 
surements were  given  for  this  species  by  Beier 
( 1 9 3 2b:  9 5),  who  only  tentatively  placed  it  in  Lus- 
trochernes.  This  seems  odd,  as  the  specimens 
were  available  in  the  collection  of  the  MNHN 
along  with  the  other  types  treated  here,  which 
Beier  apparently  did  study.  In  any  event,  Beier’s 
intuition  was  sound  and  placement  in  Lustroch- 
ernes  is  correct,  at  least  so  far  as  a broad  defi- 
nition of  the  genus  is  accepted  (see  Muchmore 
1991). 

Lustrochernes  acuminatus  seems  widely  dis- 
tributed through  the  mountains  of  California  from 
Los  Angeles  County  in  the  south  to  Shasta  Coun- 
ty in  the  north,  and  it  also  occurs  in  northwestern 
Idaho.  From  this  it  seems  a good  possibility  that 
the  specimens  from  Oregon  reported  by  Benedict 
& Malcolm  (1982)  as  Lustrochernes  grossus  are 
in  reality  representatives  of  L.  acuminatus.  The 
Oregon  specimens  have  not  been  available  for 
reexamination,  especially  of  the  genitalia,  in  or- 
der to  verify  this  supposition. 

It  is  interesting  to  note  two  teratologies  in  these 
specimens.  In  the  female  from  Shasta  County, 
California,  the  right  chelicera  is  lacking  seta  bs 
from  the  hand,  and  there  are  two  setae  in  the 
general  area  of  es.  In  the  male  from  Latah  Coun- 
ty, Idaho,  the  left  palpal  chela  is  lacking  tricho- 
bothrium  b from  the  movable  finger. 

Family  Cheliferidae  Risso 
Genus  Parachelifer  Chamberlin 
Parachelifer  scabriculus  (Simon) 

(Fig.  13) 

Chelifer  scabriculus  Simon  1878:154. 

Parachelifer  scabriculus  (Simon):  Chamberlin  1932: 1 9; 

Beier  1932b:238-239,fig.247;  Chamberlin  1952:300- 

305,  figs.  13A-C,  14A-J;  Hoff  1958:32. 

(for  more  complete  synonymy,  see  Harvey  1991:522). 

Type  data.— Holotype  female,  labeled  “2382 

— Chelifer  scabricula  E.  S.,  Type  — Mariposa 

— Amerique”  [USA:  California:  Mariposa 
County,  Mariposa].  Deposited  in  MNHN;  ex- 
amined. The  specimen  as  a whole  is  very  pale, 
and  the  right  chelicera  and  movable  finger  of  the 
left  palpal  chela  are  missing. 

Redescription. —The  holotype  has  been 
bleached  by  long  preservation;  as  a result,  the 
true  coloration  is  not  evident  and  many  of  the 


setae  are  not  visible.  Carapace  a little  longer  than 
broad;  surface  heavily  granulate,  with  scattered 
tubercles;  with  2 transverse  furrows;  without 
postero-lateral  crests;  2 large  eyespots  present; 
about  100  setae.  Coxal  area  without  notable  fea- 
tures. Abdominal  tergites  lightly  granulate,  with- 
out lateral  crests.  Tergal  and  sternal  chaetotaxies 
impossible  to  make  out.  Genitalia  not  discern- 
ible. Chelicera  ‘A  as  long  as  carapace;  hand  with 
5 setae;  flagellum  of  3 setae;  serrula  exterior  with 
17--18  blades;  both  galeae  broken.  Palp  (Fig.  13) 
rather  elongate;  femur  about  1 . 1 5 x and  chela 
about  1.65  X as  long  as  carapace.  Trochanter 
1.85  X,  femur  4.3  x,  patella  2.95  x,  and  chela 
(without  pedicel)  3. 1 5 x longer  than  broad;  hand 
(without  pedicel)  1.9  x longer  than  deep;  mov- 
able finger  0.88  as  long  as  hand.  Surfaces  gran- 
ulate except  chelal  fingers.  Trichobothria  as 
shown  in  Fig.  13.  Fixed  finger  with  about  38 
cusped  teeth;  teeth  of  movable  finger  not  ascer- 
tained. Legs  moderately  slender:  leg  IV  with  fe- 
mur + patella  3.0  x,  tibia  4.45  x,  and  tarsus 
4.75  X longer  than  deep;  tarsus  with  long  tactile 
seta  0.75  length  of  segment  from  proximal  end. 
All  claws  distinctly  bifid.  Measurements  (mm): 
Body  length  3.17.  Carapace  length  1.02.  Chelic- 
era length  0.35.  Palpal  trochanter  0.57/0.31;  fe- 
mur 1.16/0.27;  patella  0.975/0.33;  chela  (with- 
out pedicel)  1.66/0.53;  hand  (without  pedicel) 
0.925/0.49;  pedicel  length  0.13;  movable  finger 
length  0.81.  Leg  I:  femur  0.35/0.21;  patella  0.465/ 

O. 185;  tibia  0.47/0.13;  tarsus  0.42/0.09.  Leg  IV: 
femur  + patella  0.89/0.295;  tibia  0.69/0.155; 
tarsus  0.50/0.105. 

Variation.— Chamberlin  (1952)  described  in 
great  detail  a number  of  specimens  from  Santa 
Clara,  Monterey  and  Riverside  counties,  Cali- 
fornia, which  he  assigned  to  Parachelifer  scabri- 
culus. Comparison  of  the  characteristics  of  the 
females  with  those  of  the  holotype  given  above 
indicates  that  they  are,  indeed,  conspecific.  A 
considerable  amount  of  variation  in  size  and  pro- 
portions and  numbers  (of  setae)  was  revealed 
among  these  specimens;  and  the  sex-related  char- 
acters of  the  males  became  clear. 

Diagnosis.— Chamberlin’s  description  (1952) 
can  be  considered  an  accurate  diagnosis  of  Par- 
achelifer scabriculus,  which  is  the  type  species  of 
the  genus  Parachelifer  Chamberlin  (1932;  1952: 
299).  As  Benedict  & Malcolm  (1979)  have  point- 
ed out,  it  is  difficult  (or  impossible)  to  distinguish 

P.  scabriculus  from  related  western  U,  S.  species, 
which  lack  modem  descriptions. 

Remarks. — It  is  mentioned  above  that  Chelifer 
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scabriculus  Simon  is  the  type  species  of  the  genus 
Parachelifer,  As  the  specimens  studied  by  Cham- 
berlin (1952)  are  certainly  conspecific  with  Si- 
mon’s type,  the  emended  diagnosis  of  the  genus 
given  by  Chamberlin  (1952:299)  is  sound. 
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LINOTHELE  CAVICOLA,  A NEW  DIPLURINE  SPIDER 
(ARANEAE,  DIPLURIDAE)  FROM  CAVES  IN  ECUADOR 

Pablo  A.  Goloboff:  Dept,  of  Entomology,  The  American  Museum  of  Natural  History; 
Central  Park  West  at  79th  Street,  New  York,  New  York  10024  USA 

ABSTRACT.  A new  species  of  Dipluridae,  Linothele  cavicola,  is  described  (from  the  female  only)  from  caves 
in  Ecuador. 


The  subfamily  Diplurinae  was  re-limited  by 
Raven  (1985)  to  contain  the  genera  Linothele, 
Trechona  and  Diplura,  the  only  diplurids  with 
bipectinate  superior  tarsal  claws.  Several  diplur- 
ids from  caves  have  been  described  (see  Raven 
1979;  Gertsch  1982;  and  Coyle  1988  for  re- 
views), but  none  of  them  belong  to  the  Diplu- 
rinae. The  Australian  Troglodiplura  lowryi  Main 
1 969  was  originally  placed  in  the  Dipluridae,  but 
was  later  transferred  by  Raven  (1985)  (with  res- 
ervations) to  the  Nemesiidae;  Main  & Gray’s 
(1985)  discussion  and  figures  seem  to  support 
Raven’s  opinion. 

The  only  cave  mygalomorph  reported  for  Ec- 
uador (from  Cueva  de  Los  Tayos)  is  Spelocteniza 
ashrnolei  Gertsch  (1982),  which  possibly  belongs 
to  the  Microstigmatidae  (Goloboff  1993).  On  a 
trip  to  Ecuador,  Arturo  and  Sergio  Roig  collected 
in  Cuevas  de  Jumandi  several  specimens  of  a 
cave-dwelling  diplurine,  of  which  additional 
specimens  (from  the  same  cave  system!)  were 
subsequently  found  in  museum  collections.  Al- 
though the  new  species  has  well  developed  eyes 
and  a normal  pigmentation,  it  exhibits  several 
features  also  found  in  other  cave-dwelling  my- 
galomorphs.  The  most  notable  of  those  features 
is  the  elongation  of  the  appendages.  It  is  inter- 
esting that  reduction  in  the  number  of  tarsal  claw 
teeth  has  also  been  observed  for  some  cave-in- 
habiting diplurids  in  the  genus  Euagrus,  where 
the  teeth  are  also  short  and  basal  (see  Coyle  1 988). 

Measurements  are  in  millimeters  unless  oth- 
erwise noted;  the  description  format  follows  Go- 
loboff & Platnick  (1987).  Abbreviations  are:  STC 
and  ITC,  superior  and  inferior  tarsal  claws;  PLS 
and  PMS,  posterior  lateral  and  median  spinner- 
ets. The  STC  teeth  are  listed  in  the  same  order 
for  each  tarsus,  starting  from  the  most  ‘anterior’ 
row  (external  row  of  anterior  claw)  and  ending 
with  the  most  ‘posterior’  row  (external  row  of 


posterior  claw).  The  specimens  studied  here  were 
available  through  the  courtesy  of  Arturo  Roig 
Alsina  (Museo  Argentino  de  Ciencias  Naturales 
“Bernardino  Rivadavia,”  Buenos  Aires;  MACN), 
Herbert  W.  Levi  (Museum  of  Comparative  Zo- 
ology, Cambridge;  MCZ)  and  Norman  1.  Plat- 
nick  (American  Museum  of  Natural  History,  New 
York;  AMNH). 

Linothele  cavicola  new  species 
Figures  1-5;  Table  1 

Type. —Female  holotype,  from  Ecuador:  Napo 
Prov.,  Cuevas  de  Jumandi,  2-3.IL1983,  A.  and 
S.  Roig  (MACN). 

Diagnosis.™ L.  cavicola  differs  from  other  spe- 
cies in  the  genus  by  having  very  few  teeth  on  the 
STC  and  strong  ventral  setae  on  the  tarsi.  Those 
characters,  as  well  as  the  great  elongation  of  the 
legs,  spinnerets,  and  body,  are  possibly  associ- 
ated with  the  cave  habitat.  The  eyes  are  well- 
developed.  The  pigmentation  is  normal,  al- 
though the  spider  (in  alcohol)  appears  slightly 
less  sclerotized  than  other  diplurines. 

Male. — unknown. 

Female  (holotype).— Total  length:  28  mm. 
Cephalothorax,  9.70  long,  8.95  wide.  Cephalic 
region  low,  flat,  5.90  long,  5.25  wide.  Fovea  nar- 
row, quite  strongly  recurved,  rather  deep,  1.35 
wide.  Eyes  well-developed,  apparently  fully  func- 
tional, on  low  tubercle;  ocular  quadrangle  1.65 
long,  3.15  wide.  Labium  (Fig.  1)  without  cus- 
pules,  1.35  long,  1.80  wide.  Maxillae  with  36/40 
cuspules,  with  well-developed  serrula  on  anterior 
side  of  lobe.  Sternum  flat,  4.65  long,  3.50  wide, 
with  sigilla  small  and  oval  to  rounded;  sternum 
weakly  rebordered.  Anterior  margin  of  chelicera 
with  1 1 teeth,  fang  furrow  with  20  denticles  more 
or  less  linearly  arranged  and  ca.  55  much  smaller 
denticles  in  front  of  those.  Legs  very  long.  Mea- 
surements are  in  Table  1. 


70 


GOLOBOFF-NEW  LINOTHELE  FROM  ECUADOR 


71 


Figures  IS.—Linothelecavicola,  new  species  (female).  1,  sternum,  labium  and  maxillae;  2,  left  tibia,  metatarsus 
and  tarsus  I,  retrolateral  view;  3,  spermathecae;  4,  claws  from  right  tarsus  I,  external  view;  5,  claws  from  right 
tarsus  IV,  external  view. 


Chaetotaxy:  Femora:  1, 1 - 1 P SUP  ( 1 :2  A),  1 - 1 - 
M D,  0-UM  R SUP;  II,  0-M  P SUP,  Ul-UO 
D,  l-l-l-l  R SUP  (thinner);  IIUIV,  Ul-1-1  P 
SUP,  1-1-UO  D,  1-1-Ul  R;  palp,  1 P SUP  A, 
UUl-1  d (1:2  a),  1 R SUP.  Patellae:  I,  0;  II,  1 
P SUP  A;  IIUIV,  1 P,  1 R;  palp,  1 P SUP  B. 
Tibiae:  I,  U1  P SUP,  1 R (1:3  B),  2-1-2  V;  II, 

1- 1  P SUP,  2-1-2  V;  III,  1-1  P,  1-1  D,  1 D POST 
B,  1-1  R,  2-2-2  V;  IV,  1-1  P,  1-1-1  D,  1 D POST 
B,  1-1  R,  2-2-2  V;  palp,  1-1  P,  1-1-2  V ANT, 

2- 1-1  V POST,  1 R (1:2  A).  Metatarsi:  I,  2-1- 
0-2  V;  II,  1 P SUP  (1:3  B),  2-1-1-0-2  V;  III,  1-1- 


Table  1 . — Leg  measurements  for  the  holotype  female 
of  Linothele  cavicola,  new  species.  Measurements  are 
in  mm. 


Leg  number  and  palp 

I 

II 

III 

IV 

Palp 

Femur 

11.40 

11.00 

10.30 

12.40 

7.40 

Patella 

5.40 

4.70 

4.30 

4.60 

3.75 

Tibia 

11.50 

10.20 

9.50 

12.20 

6.40 

Metatarsus 

10.65 

10.30 

11.50 

15.60 

— 

Tarsus 

8.00 

7.50 

6.90 

8.20 

5.20 

Total 

46.95 

43.70 

42.50 

53.00 

22.75 

0-1-0  P,  l-l-O-l  D ANT,  1 D POST  B,  1-1-1  R 
SUP,  1-1-1  V ANT,  1-1-1-2  V POST;  IV,  l-l- 
O-l  P,  1-1-1  D ANT,  1-1-1  D POST,  1-1-0  R 
SUP.  Tarsi:  I-IV,  no  spines,  with  series  of  very 
thick,  almost  spine-like  ventral  setae;  palp,  2 V 
B.  Tarsi  I-II  scopulate,  III-IV  ascopulate.  Meta- 
tarsus I with  scopula  on  4:5  A,  II  with  scopula 
on  2:3  A.  Scopula  I-II  with  band  (about  3 rows) 
of  scattered  thick  setae.  Tarsi  I-IV  very  flexible, 
pseudosegmented  (Fig.  2).  Metatarsal  preening 
combs  absent.  STC  with  few  basal  and  short  teeth, 
less  numerous  on  posterior  legs:  I (Fig.  4),  6 3 4 
5;  II,  5 3 3 4;  III,  4 1 1 4;  IV  (Fig.  5),  2 0 0 3. 
Palpal  claw  with  5 teeth  on  promargin.  ITC  well- 
developed  on  tarsi  I-IV,  with  several  denticles 
on  tarsus  I,  with  denticles  absent  or  less  evident 
on  the  other  tarsi, 

PLS  very  long;  length  of  basal: mesial: apical  is 
6.20:6.30:7.20.  PMS,  2.00  long.  Spermathecae 
as  in  Fig.  3,  with  more  sclerotized  transverse 
band  between  duct  entrance  and  genital  opening. 

Cephalothorax,  legs  and  palpi,  light  reddish 
brown;  abdomen  darker. 

Other  specimens  examined.  — ECUADOR:  Napo 

Prov.:  same  locality,  date  and  collectors  as  the  holo- 
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type,  1 large  9,  3 smaller  99  (that  may  be  juvenile),  8 
juvs,  (MACN);  Cuevas  de  Jumandi,  Archidona,  600 
m,  5.VII.1976,  S.  and  J.  Peck,  1 9,  6 juvs.  (AMNH); 
Archidona  Cave  (Tena),  VI.  1965,  L.  Pena,  19,  1 juv. 
(MCZ). 

Relationships. —Raven  (1985)  re-limited  the 
Diplurinae  to  include  only  the  genera  Dipiura, 
Trechona,  and  Linothele.  Dipiura  and  Trechona 
share  the  presence  of  a maxillary  lyra  (a  character 
about  which  there  had  been  a long  standing  con- 
fusion before  Raven  1985),  and  those  two  genera 
therefore  appear  to  be  sister  groups.  The  species 
currently  assigned  to  Linothele  share  only  the 
absence  of  a maxillary  lyra;  Linothele,  therefore, 
may  well  be  a paraphyletic  group. 

Natural  history.— All  the  diplurines  whose 
mode  of  prey  capture  has  been  reported  build 
extensive  capture  webs  (Goloboff  1982;  Coyle 
1 988;  Paz  1 988).  The  long  spinnerets  of  diplurids 
in  general  have  traditionally  been  considered  an 
adaptation  for  spinning  sheet-webs.  Despite  their 
very  long  spinnerets,  specimens  of  L.  cavicola 
apparently  do  not  make  webs.  The  (numerous) 
specimens  collected  by  A.  and  S.  Roig  were  found 
walking  on  the  ground  or  walls  of  the  cave  (A. 
Roig,  pers.  comm.).  The  very  long  spinnerets  of 
L.  cavicola  therefore  seem  part  of  the  general 
trend  in  appendage  elongation,  rather  than  any 
kind  of  special  adaptation  to  spinning  webs.  An- 
other diplurine  that  seems  not  to  spin  webs  is 
Dipiura  garleppi  (Simon  1892)  from  Bolivia.  I 
have  collected  that  species  from  a deep  wide  bur- 
row with  smooth  silk-lined  walls  (c<2.  25  cm  deep 
and  2 cm  wide),  with  an  open  entrance,  in  rather 
hard  soil  (Bolivia:  Dpto.  La  Paz:  San  Lorenzo, 
12  km  from  Caranavi,  Jan.  1-2,  1991;  AMNH). 
Unlike  the  spinnerets  of  L.  cavicola  and  most 
diplurines,  the  spinnerets  of  D.  garleppi  are  short 
(which  explains  the  otherwise  surprising  mistake 
of  Simon  in  originally  placing  the  species  in  a 
cyrtaucheniid  genus!). 
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RESEARCH  NOTES 


SPERMOPHORE  MORPHOLOGY  REVEALS  A NEW 
SYNAPOMORPHY  OF  OECOBIUS  ANY)  UROCTEA 
(ARANEAE,  OECOBIIDAE) 


The  cribellate  spider  genus  Oecobius  Lucas 
1846  and  the  ecribellate  genus  Uroctea  Dufour 
1820  had  long  been  considered  as  distantly  re- 
lated taxa,  according  to  Bertkau’s  (1882)  basal 
division  of  araneomorphs  into  cribellate  and 
ecribellate  spiders.  Their  remarkable  similarities 
were  considered  as  convergences,  until  the  in- 
vestigations of  Millot  (1931),  Gerhardt  (1928, 
1933),  Glatz  (1967)  and  Baum  (1972)  clearly  in- 
dicated a close  phylogenetic  relationship  between 
the  two  genera.  Both  morphological  (anal  cone, 
mouth  parts,  female  internal  genitalia)  and  etho- 
logical  characters  (web  construction,  prey  catch- 
ing, sperm  induction)  united  the  genera.  Baum 
(1972),  who  investigated  the  genitalia  of  Oeco- 
biidae,  found  a constriction  of  the  male  pedi- 
palpal  sperm-reservoir  (spermophore.  Fig.  1)  in 
the  “median  apophysis”  in  the  four  Uroctea  spe- 
cies examined  as  well  as  in  Oecobius  annuiipes. 
Nevertheless  she  stated  several  times  that  there 
were  no  direct  synapomorphies  in  the  male  ped- 
ipalps  of  the  two  genera. 

In  the  course  of  a current  investigation  of  the 
palpi  of  male  spiders,  representatives  of  more 
than  50  spider  families  have  been  analyzed  after 
preparation  of  histological  serial  sections  (em- 
bedding medium:  ERL-4206  epoxy  resin;  section 
thickness:  Ifim;  staining  with  a mixture  of  1% 
azure  2 and  1%  methylene  blue  in  a 1%  aqueous 
borax  solution  at  80  °C  for  10  sec.).  This  study 
has  shown  that  only  Oecobius  [examined:  O.  cel- 
lariorum  (Duges  1836)]  and  Uroctea  [examined: 
U.  durandi  (Latreille  1 809)]  have  a spermophore 
constriction  (Fig.  1)  and  that  the  fundi  (which 
Baum  could  not  see)  are  highly  enlarged.  The 
fact  that  this  constriction  in  both  genera  is  sit- 
uated in  the  median  apophysis  (oecobiid  tegular 
lobe  II  of  Coddington  1990)  strengthens  its  ho- 
mology. 

In  order  to  evaluate  the  phylogenetic  signifi- 
cance of  this  character,  representatives  of  closely 


related  taxa  were  also  investigated.  Uroecobius 
ecribeiiatus  Kullmann  & Zimmermann  1976, 
which  was  regarded  as  the  sister  taxon  of  Oec- 
obiinae  + Urocteinae  by  Kullmann  & Zimmer- 
mann (1976),  does  not  show  any  spermophore 
constriction.  Neither  do  Hersilia  and  Tama  (both: 
sp.  indet.),  representatives  of  the  family  Hersi- 
liidae,  which  is  considered  as  sister  family  of 
Oecobiidae  (Coddington  & Levi  1991).  This  sup- 
ports the  placement  of  Uroecobius  outside  of 
Oecobiinae  {Oecobius  SLndPlatoecobius)  + Uroc- 
teinae {Uroctea  only),  but  gives  no  hint  with  re- 
spect to  Hersiliidae. 


Figure  l.= Spermophore  morphology  of  five  repre- 
sentatives of  Eresoidea  sensu  Coddington  & Levi  (1991). 
The  dendrogramm  is  derived  from  Coddington  & Levi 
(1991)  and  Kullmann  & Zimmermann  (1976).  Given 
is  the  inner  surface  (the  cavity)  of  each  spermophore. 
Arrows  indicate  constricted  region. 
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The  functional  significance  of  the  spermo- 
phore  constriction  is  not  clear. 

I thank  A.  Dippenaar  (Pretoria,  South  Afrika) 
and  F,  Gasparo  (Trieste,  Italy)  for  donating  spi- 
ders used  in  this  study.  M.  Landolfa  and  G.  Pass 
made  valuable  comments  on  a previous  draft  of 
the  manuscript. 

LITERATURE  CITED 

Baum,  S.  1972.  Zum  “Cribellaten-Problem”:  Die 
Genitalstrukturen  der  Oecobiinae  und  Urocteinae 
(Arach.:  Aran.:  Oecobiidae).  Abh.  Verb,  naturwiss. 
Ver.  Hamburg,  (NG16: 101-1 53. 

Bertkau,  P.  1882.  Uber  das  Cribellum  und  Calam- 
istrum.  Ein  Beitrag  zur  Histologic,  Biologic  und  Sys- 
tematik  der  Spinnen.  Arch.  Naturgesch.,  48(1):316- 
362. 

Coddington,  J.  A.  1 990.  Ontogeny  and  homology  in 
the  male  palpus  of  orb-weaving  spiders  and  their 
relatives,  with  comments  on  phylogeny  (Araneocla- 
da:  Araneoidea,  Deinopoidea).  Smithsonian  Con- 

trib.  Zook,  496:1-52. 

Coddington,  J.  A.  & H.  W.  Levi.  1991.  Systematics 
and  evolution  of  spiders  (Araneae).  Annu.  Rev,  Ecol. 
Syst.,  22:565-592. 

Gerhardt,  U.  1928.  Biologische  Studien  an  grie- 


chischen,  corsischen  und  deutschen  Spinnen.  Z. 
Morph.  OkoL  Tiere,  10:576-675. 

Gerhardt,  U,  1933.  Neue  Untersuchungen  zur  Sex- 
ualbiologie  der  Spinnen,  insbesondere  an  Arten  der 
Mittelmeerlander  und  der  Tropen.  Z.  Morph.  Okol. 
Tiere,  27:1-75. 

Glatz,  L.  1967.  Zur  Biologic  und  Morphologic  von 
Oecobius  annulipes  Lucas  (Araneae,  Oecobiidae).  Z. 
Morph.  Tiere,  61:185-214. 

Kullmann,  E.  & W.  Zimmermann.  1976.  Ein  neuer 
Beitrag  zum  Cribellaten-Ecribellaten-Problem:  Be- 
schreibung  von  Uroecobius  ecribellatus  n.  gen.  n.  sp. 
und  Diskussion  seiner  phylogenetischen  Stellung 
(Arachnida:  Araneae:  Oecobiidae).  Ent.  Germanica, 
3(l/2):29-^0. 

Millot,  J.  1931.  Le  tubercule  anal  des  Urocteides  et 
des  Oecobiides  (Araneidae).  Bull.  Soc.  Zool.  France, 
56:199-205. 

Bernhard  A.  Huber:  Institut  fur  Zoologie  der 
Universitat  Wien;  Althanstr.  1 4,  A- 1 090  Wien, 
Austria. 

Manuscript  received  IS  June  1993,  revised  16  August 
1993. 


1994.  The  Journal  of  Arachnology  21:15-16 


GENITAL  BULB  MUSCLES  IN  ENTELEGYNE  SPIDERS 


Ontogenetically,  the  male  copulatory  organ  of 
spiders  is  a derivative  of  the  pedipalpal  “claw 
fundament”  (see  Coddington  1990).  These  are 
hypodermal  cells  which  also  secrete  the  tendons 
of  two  muscles.  According  to  the  nomenclature 
of  Ruhland  & Rathmayer  (1978)  these  muscles 
are  called  M29  (claw  flexor)  and  M30  (claw  ex- 
tensor). M29  originates  at  the  tibia,  M30  at  the 
cymbium  (Figs.  1,  2).  The  tendons  of  both  mus- 
cles are  attached  to  the  basal  part  of  the  genital 
bulb. 

In  the  plesiomorphic  condition,  which  is  re- 


alized in  all  spiders  with  the  exception  of  Ente- 
legynae,  these  muscles  are  both  still  present  in 
adult  males.  They  are  always  well  developed  and, 
although  little  is  known  about  their  exact  func- 
tion, it  is  obvious  that  they  play  an  important 
role  in  directing  the  male  genital  bulb  into  the 
female  copulatory  orifice  (e.g.,  Harm  1931; 
Cooke  1966;  Haupt  1979).  These  muscles  have 
been  considered  to  be  absent  in  the  adult  males 
of  all  Entelegynae  (Cooke  1970).  In  these  spiders 
the  positioning  of  the  bulb  is  primarily  accom- 
plished by  the  inflation  of  one  or  more  folded 


Figures  1,  2. —Sections  through  the  male  pedipalp  with  genital  bulb  of  Gradungula  sorenseni  (Gradungulidae). 
The  existence  of  both  muscles  (M29  and  M30)  marks  the  plesiomorphic  condition.  tM29  = tendon  of  muscle 
M29. 


Figures  3-5.— Sections  through  male  pedipalps  and  genital  bulbs  of  entelegyne  spiders  with  the  muscle  M30 
(arrows).  3,  Hersiiia  sp.;  4,  Tama  sp.;  5,  Uroecobius  ecribellatus. 
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Figure  6.— Systematic  distribution  of  genital  bulb  mus- 
cles in  spiders.  The  pylogenetic  tree  is  derived  from 
Coddington  & Levi  (1991)  and  Kullmann  & Zimmer- 
mann  (1976).  Ent.  = Entelegynae. 


membranes,  the  hematodochae  (e.  g.,  Osterloh 
1922;  van  Helsdingen  1965;  Grassholf  1968). 

A broad  comparative  investigation  of  the  anat- 
omy of  spider  genitalia  revealed  that  the  system- 
atic distribution  of  the  muscle  M30  is  not  that 
simple.  The  bulbs  from  representatives  of  more 
than  50  families  (35  entelegyne  families)  were 
embedded  in  ERL-4206  epoxy  resin  and  histo- 
logical serial  sections  (1 /am)  were  prepared.  In  all 
entelegyne  species  examined,  the  muscle  M29  is 
absent.  In  three  of  these  species,  the  muscle  M30, 
however,  is  present  (Figs.  3-5):  Hersilia  sp.  in- 
det.,  Tama  sp.  indet.  (both:  Hersiliidae)  and 
Uroecobius  ecribellatus  (Oecobiidae).  The  closest 
relatives  (according  to  Coddington  & Levi  1991) 
(Fig.  6)  of  these  three  species  that  were  examined 
are:  Oecobius  cellariorum,  Uroctea  durandi  (both: 
Oecobiidae)  and  Eresus  niger  (Eresidae).  They 
all  lack  both  muscles.  This  is  also  true  of  the 
other  “lower  entelegynes”  (sensu  Coddington  & 
Levi  1991)  that  were  examined  (representatives 
of  Nicodamidae,  Zodariidae,  Miturgidae,  Hom- 
alonychidae). 

These  results  are  surprising  from  a phyloge- 
netic point  of  view.  If  we  assume  the  existence 
of  M30  in  the  stemline  of  Entelegynae  we  face 
its  independent  loss  at  least  three  times  (accord- 
ing to  the  phylogenetic  tree  of  Coddington  & 
Levi)  (Fig.  6):  in  (1)  Eresidae,  (2)  Oecobiinae  + 
Urocteinae  and  in  (3)  other  “lower  entelegynes” 
+ higher  entelegynes.  The  distribution  of  the 
muscle  M30  may  provide  evidence  that  Eresidae 
is  closer  to  other  entelegynes  than  to  Oecobiidae 
+ Hersiliidae,  in  which  case  only  two  steps  are 
needed. 

I am  very  thankful  to  all  those  persons  who 
generously  sacrificed  valuable  material  for  serial 
sectioning:  A.  Dippenaar  and  M.  R.  Filmer  (South 


Africa),  R.  R.  Forster  (New  Zealand),  F.  Gasparo 
(Italy),  C.  E.  Griswold  (USA),  R.  J.  Raven  (Aus- 
tralia), G.  Schmidt  (Germany),  P.  Schwendinger 
(Austria).  I thank  N.  Platnick  for  valuable  sug- 
gestions on  a previous  manuscript. 
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SPIDER  HABITAT  SELECTION:  AN  EXPERIMENTAL 
FIELD  TEST  OF  THE  ROLE  OF  SUBSTRATE  DIAMETER 


Spider  habitat  selection  is  influenced  by  a va- 
riety of  biotic  and  abiotic  factors  including  the 
architectural  attributes  of  the  habitat  (Duffey 
1966;  Turnbull  1973;  Coleboum  1974;  Green- 
quist  & Rovner  1976;  Riechert  & Gillespie  1986; 
Uetz  1991).  Architectural  attributes  include  the 
size,  shape,  and  spatial  arrangement  of  substrate 
used  by  spiders.  In  the  shrub-steppe  ecosystem 
of  northern  Utah,  four  studies  of  spider  archi- 
tectural preferences  have  focussed  on  aspects  of 
the  latter  factor,  spatial  arrangement  of  substrate. 
Substrate  height  was  investigated  by  Abraham 
(1983)  who  sampled  three  different  strata  for  spi- 
ders: the  ground  surface  (0  cm  high),  herbaceous 
vegetation  (<  25  cm  high),  and  shrubs  (37-73 
cm  high).  She  found  that  a pursuing  guild  of  spi- 
ders dominated  the  ground  stratum,  an  ambush- 
ing guild  dominated  the  herb  stratum,  and  jump- 
ing and  trapping  guilds  dominated  the  shrub 
stratum.  Substrate  density  was  studied  experi- 
mentally by  Hatley  & MacMahon  (1980)  who 
clipped  branches  from  in  situ  sagebrush  shrubs 
to  create  low  density  substrate  and  tied  branches 
together  to  create  high  density  substrate.  In  com- 
parison to  control  shrubs,  there  were  more  spider 
species  and  foraging  guilds  in  high  density  shrubs. 
Densities  of  ambushers  and  trappers  were  sig- 
nificantly higher  in  tied  shrubs.  Substrate  ori- 
entation was  studied  by  Robinson  (1978,  1981). 
He  constructed  habitat  modules  made  of  chick- 
en-wire cubes  strung  internally  with  several  con- 
figurations of  natural  jute  rope  and  placed  them 
into  a shrub-dominated  habitat.  Robinson  (1981) 
reported  that  the  most  common  jumping  spider 
{Pellenes  hirsutus  (Peckham  and  Peckham))  pre- 
ferred vertical  substrate  whereas  the  most  com- 
mon trapper  {Theridion  petraeum  L.  Koch)  and 
an  ambusher  {Xysticus  montanensis  Keyserling) 
preferred  horizontal  substrate. 

Here,  I focus  on  an  architectural  attribute  that 
has  not  been  previously  tested  for  spiders,  sub- 
strate size.  I hypothesize  that  narrow-diameter 
substrate  may  provide  acceptable  structure  for 
web  attachment  points  for  some  spiders  and  may 
be  less  conspicuous  to  potential  prey.  Wide-di- 
ameter  substrate  may  improve  the  efficiency  of 
movements  by  spiders  that  rely  on  swift  running 


or  precise  jumps  to  capture  prey  (Foelix  1982) 
as  found  by  Sinervo  & Losos  (1991)  for  lizards. 
Wide  substrate  may  improve  concealment  of 
some  sit-and-wait  hunters  (Wing  1984)  and  pro- 
tect some  spiders  from  their  numerous  predators 
(Wise  1993).  It  may  also  shield  non-web-dwell- 
ing  spiders  from  incident  radiation  and  wind, 
factors  known  to  influence  arid-land  spiders 
(Riechert  & Tracy  1975). 

I tested  the  null  hypothesis  that  spider  colo- 
nization is  independent  of  substrate  diameter  us- 
ing two  sets  of  artificial  habitat  modules  follow- 
ing Robinson  (1978,  1981).  Artificial  modules 
have  an  advantage  over  natural  vegetation  in 
that  all  architectural  variables  can  be  experi- 
mentally controlled.  The  modules  I used  were 
strung  in  the  same  configuration  with  equivalent 
amounts  of  either  narrow  jute  rope  or  wide  jute 
rope.  Both  sets  of  modules  were  simultaneously 
exposed  to  field  conditions  for  colonization  by 
spiders.  Counts  of  spiders  from  each  treatment 
were  then  compared  using  a contingency  table 
analysis  that  tested  for  independence  between 
spider  identity  and  substrate  diameter. 

The  field  site  used  for  this  study  is  in  Mill 
Hollow,  Cache  County,  Utah,  5.8  km  northeast 
of  Canyon  Road  along  U.  S.  Highway  89.  Lo- 
cated on  U.  S.  Forest  Service  land  at  4 U 42'  45'' 
N,  1 1 U 42'  45"  W,  the  site  is  part  of  a gently 
dipping  terrace  associated  with  Pleistocene  Lake 
Bonneville  at  an  elevation  of  1707  m.  It  lies  ap- 
proximately 3 km  south  of  the  Green  Canyon 
field  site  used  by  the  four  Utah  studies  discussed 
earlier,  which  has  since  been  developed  and  was 
unavailable.  Mill  Hollow  has  a plant  community 
similar  to  Green  Canyon,  consisting  of  big  sage- 
brush shrubs  {Artemisia  tridentata  Nutt.  spp.  va- 
seyana),  bluebunch  wheatgrass  {Pseudoroegneria 
spicata  (Pursh)  Love),  and  bulbous  bluegrass  {Poa 
bulbosa  L.).  A 50  m x 120  m plot  was  estab- 
lished, bordered  on  all  sides  by  at  least  25  m of 
similar  vegetation  to  minimize  edge  effects.  The 
plot  was  divided  into  60  grid  cells,  each  10  m 
square. 

I constructed  spider  habitat  modules  from 
chicken-wire  formed  into  cubes  30  cm  on  a side, 
following  Robinson  (1978,  1981)(Fig.  1).  Fifteen 
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Figure  L— Two  side  views  of  the  module  design  used  in  this  study  (after  Robinson  1978,  1981),  showing  the 
arrangement  of  seven  strands  of  evenly  spaced  natural  jute  rope.  Modules  are  cubes  formed  from  chicken-wire 
and  measure  30  cm  on  a side.  One  set  of  modules  contained  2 mm  diameter  jute  (narrow),  whereas  the  other 
set  contained  7 mm  diameter  jute  (wide). 


modules  were  strung  internally  with  2 mm  di- 
ameter jute  rope;  another  15  were  strung  with  7 
mm  diameter  jute.  Based  on  my  observations  of 
vegetation  at  the  field  site  and  the  morphologies 
of  spiders  collected  from  grass  and  sagebrush,  I 
posited  that  these  diameters  would  represent  a 
sufficient  contrast  to  elicit  different  responses  by 
spiders.  The  slightly  rough  texture  of  jute  (a  nat- 
ural fiber)  corresponds  better  to  natural  vegeta- 
tion than  other  possible  experimental  substrates 
(e.  g.,  nylon  or  wooden  dowels).  All  modules  were 
strung  to  the  same  tension  with  the  same  amount 
of  jute  and  in  the  same  configuration,  so  that  the 
only  architectural  parameter  that  varies  between 
the  two  treatments  is  substrate  diameter.  The 
design  used  is  only  one  of  many  possible  config- 
urations, but  is  field-tested  and  known  to  be  ac- 
ceptable habitat  for  at  least  33  species  of  shrub- 
steppe  spiders  (Robinson  1978).  The  prevalence 
of  vertical  substrate  may  have  favored  coloni- 
zation by  jumping  spiders  in  both  module  types 
(Robinson  1981). 

Each  habitat  module  was  randomly  assigned 
to  one  of  30  grid  cells,  and  placed  on  the  ground 
at  the  center  of  the  cell  for  each  trial.  Modules 
were  initially  placed  on  8 May  1 99 1 and  sampled 
for  spiders  eight  times  through  23  September 
1991.  I attempted  to  follow  Robinson's  (1981) 
recommendation  for  a 1 4-day  sampling  interval 
to  maximize  spider  abundance  on  modules,  but 
due  to  weather,  sampling  intervals  in  this  study 
were  slightly  longer  (range  = 15-17  days).  Mod- 
ules were  sampled  using  a beating-sheet  tech- 
nique (South wood  1978)  and  visually  inspected 
to  assure  complete  collection  of  spider  colonists. 

Spiders  were  preserved  in  70%  propanol  and 


identified  to  species  level  using  a taxonomic  key 
by  Kaston  (1978)  and  a reference  collection  of 
Utah  spiders  verified  by  W.  J.  Gertsch.  Each 
specimen  was  also  assigned  to  one  of  four  spider 
guilds  following  Hatley  & MacMahon  (1980)  and 
Wing  (1984).  These  guilds  are  based  on  behav- 
ioral observations  of  foraging  technique  and 
closely  correspond  to  taxonomic  characteristics 
at  the  family  level.  Jumpers  (Oxyopidae,  Salti- 
cidae)  actively  track  prey  with  advanced  visual 
systems  and  pounce  from  large  distances  (Kaston 
1 978).  Trappers  (Araneidae,  Dictynidae,  Linyphi- 
idae,  Tetragnathidae,  Theridiidae)  are  sit-and-wait 
predators  that  use  silk  constructions  to  capture 
prey  (Turnbull  1973).  Ambushers  (Thomisidae) 
are  sit-and-wait  predators  that  do  not  use  silk  to 
hunt  and  rely  on  direct  contact  with  their  prey 
(Gertsch  1979;  Wing  1984).  Typically,  their  first 
two  pairs  of  legs  are  longer  than  the  other  two 
pairs.  Pursuers  (Anyphaenidae,  Clubionidae, 
Gnaphosidae,  Lycosidae,  Philodromidae)  are  ac- 
tive hunters  that  can  chase  and  overtake  prey 
along  substrate  using  equally  long  legs  (Turnbull 
1973;  Kaston  1978).  For  this  experiment,  I as- 
sumed that  spider  preference  for  substrate  di- 
ameter was  constant  within  each  guild.  The  data 
were  collected  as  counts  of  individual  spiders 
within  each  guild  for  each  module  treatment. 

A total  of  1 1 9 spiders  representing  26  species 
and  all  four  guilds  was  collected  during  3840 
module-days  (Table  1).  All  species  collected,  ex- 
cept Dipoena  nigra  (Emerton),  were  found  by 
Robinson  (1978)  in  modules  at  Green  Canyon, 
and  four  of  the  eight  most  common  species  in 
each  study  correspond.  Guild  proportions  also 
closely  match  those  reported  from  Green  Canyon 
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Table  I.— Spider  species  list  from  Mill  Hollow  modules,  arranged  by  foraging  guild.  Numbers  are  indicated 
for  both  narrow  and  wide  substrate  treatments,  and  percentages  are  given  for  the  proportion  of  total  individuals 
collected  {n=  ll 9). 


Identity 

Narrow 

Wide 

Total  (%) 

Jumpers 

Habronattus  hirsutus  (G.  and  E.  Peckham) 

3 

2 

4.2 

Metaphidippus  aeneolus  (Curtis) 

3 

0 

2.5 

Oxyopes  scalaris  (Hentz) 

1 

9 

8.4 

Phidippus  johnsoni  (Peckham  and  Peckham) 

10 

16 

21.9 

Sassacus  papenhoei  (Peckham  and  Peckham) 

0 

4 

3.4 

Sub-total 

17 

31 

40.4 

Trappers 

Argiope  trifasciata  (Forskal) 

2 

1 

2.5 

Dictyna  completa  Chamberlin  & Gertsch 

0 

1 

0.8 

Dictyna  idahoana  (Chamberlin  & Ivie) 

0 

1 

0.8 

Dipoena  nigra  (Emerton) 

2 

3 

4.2 

Dipoena  tibialis  Banks 

2 

4 

5.0 

Euryopis  sp. 

0 

1 

0.8 

Hyposinga  singaeformis  (Scheffer) 

7 

3 

8.4 

Metepeira  foxi  (Gertsch  & Ivie) 

7 

4 

9.2 

Micaria  sp. 

0 

4 

3.4 

Theridion  neomexicanum  Banks 

3 

4 

5.9 

Theridion  petraeum  L.  Koch 

2 

3 

4.2 

Unidentified 

0 

2 

1.7 

Sub-total 

25 

31 

47.0 

Ambushers 

Ebo  sp. 

0 

1 

0.8 

Misumenops  lepidus  (Thorell) 

1 

0 

0.8 

Xysticus  cuncator  Thorell 

0 

1 

0.8 

Xysticus  gulosus  Keyserling 

1 

0 

0.8 

Xysticus  montanensis  Keyserling 

0 

1 

0.8 

Sub-total 

2 

3 

4.2 

Pursuers 

Anyphaena  pacifica  Banks 

1 

0 

0.8 

Chiracanthium  inclusum  (Hentz) 

0 

1 

0.8 

Schizocosa  sp. 

1 

0 

0.8 

Thanatus  formicinus  (Clerck) 

0 

2 

1.7 

Tibellus  oblongus  (Walckenaer) 

1 

3 

3.4 

Unidentified 

0 

1 

0.8 

Sub-total 

3 

7 

8.4 

Total 

47 

72 

100.0 

shrubs  by  Abraham  (1983),  further  suggesting 
that  comparisons  to  Mill  Hollow  are  valid. 

Although  the  count  data  are  sparse  for  many 
species,  inspection  suggests  that  some  spider  sub- 
strate preferences  may  exist.  Hyposinga  singae- 
formis  (Scheffer)  was  more  numerous  on  narrow 
substrate  whereas  Oxyopes  scalaris  (Hentz),  Phi- 
dippus  johnsoni  (Peckham  & Peckham),  Sassa- 
cus  papenhoei  (Peckham  & Peckham),  and  Mi~ 
caria  sp.  appear  to  prefer  wide  substrate.  At  the 
guild  level,  jumpers  and  pursuers  appear  to  have 


some  preference  for  wide  substrate,  in  accor- 
dance with  the  predictions  of  this  study,  but  trap- 
per and  ambusher  preferences  appear  less  strik- 
ing. 

I performed  a contingency  table  analysis  to 
statistically  test  Module  colonization  by  spi- 
der guilds  is  independent  of  substrate  diameter 
(Table  2).  Because  some  expected  cell  counts  are 
low  (<  5),  I used  the  FORTRAN  program  CHI- 
TEST  developed  by  Romesburg  & Marshall 
(1985)  for  the  analysis  which  employs  a Monte 


80 


THE  JOURNAL  OF  ARACHNOLOGY 


Table  2.— Number  of  spiders  observed  from  mod- 
ules compared  to  numbers  expected  under  Hq:  Module 
colonization  by  spider  guilds  is  independent  of  sub- 
strate diameter.  The  calculated  chi-square  value  for 
differences  between  corresponding  cells  is  1.333. 


Guild 

Observed 

Expected 

Narrow 

Wide 

Narrow 

Wide 

Jumpers 

17 

31 

19 

29 

Trappers 

25 

31 

22.1 

33.9 

Ambushers 

2 

3 

2 

3 

Pursuers 

3 

7 

3.9 

6.1 

Total 

47 

72 

47 

72 

Carlo  simulation  routine  that  does  not  require 
large  counts.  The  program  tests  for  contingency 
between  row  and  column  factors  by  comparing 
differences  in  the  observed  and  expected  matri- 
ces from  the  experiment  to  a large  number  of 
simulated  matrices.  The  simulations  are  based 
on  fixed  row  and  column  totals  provided  by  the 
experiment.  I chose  to  run  10,000  simulations 
for  my  comparison,  which  estimates  the  true 
P- value  to  within  1%  accuracy  with  95%  confi- 
dence (Romesburg  & Marshall  1 985).  The  P- val- 
ue obtained  by  this  technique  represents  the  pro- 
portion of  simulations  that  had  differences  in 
their  matrices  as  great  or  greater  than  the  differ- 
ences in  the  experimental  matrices. 

In  this  test,  the  chi-square  value  calculated  from 
the  experimental  data  (Table  2)  is  1.333.  Sim- 
ulated matrices  yielded  chi-square  values  be- 
tween 0.003  and  18.797  with  a mean  of  3.030. 
Over  75%  of  the  simulations  had  chi-square  val- 
ues as  large  or  larger  than  the  field  data  (P  = 
0.7502)  and  so  the  null  hypothesis  of  no  contin- 
gency cannot  be  rejected  at  a 0.05  significance 
level. 

The  lack  of  significant  contingency  between 
substrate  diameter  and  guild  identity  at  Mill  Hol- 
low, in  conjunction  with  previous  results  from  a 
similar  site,  suggests  that  substrate  height,  den- 
sity, and  orientation  may  be  more  important  to 
shrub-steppe  spider  guilds  during  habitat  selec- 
tion. Future  trials  could  present  a larger  contrast 
in  substrate  diameters  to  spiders  and/or  consider 
spider  responses  to  different  combinations  of  ar- 
chitectural factors  (Robinson  1981).  Additional 
work  on  determining  the  constancy  of  spider 
habitat  preferences  within  individuals,  species, 
or  guilds  would  also  be  useful. 

Architecture  constitutes  only  part  of  each  spi- 
der’s niche  (MacMahon  et  al.  1981),  and  its  im- 


portance to  individuals  may  be  modified  or 
eclipsed  by  other  factors  such  as  prey  availability 
and  temperature  (Riechert  1985;  Janetos  1986). 
Clearly,  there  is  much  work  to  be  done  to  develop 
generalized  models  of  spider  habitat  selection. 

I thank  James  A.  MacMahon  and  Edward  W. 
Evans,  both  at  Utah  State  University,  for  helpful 
advice  during  this  study.  The  Logan  Ranger  Dis- 
trict of  the  U.  S.  Forest  Service  kindly  gave  me 
permission  to  use  the  Mill  Hollow  site.  This  pro- 
ject was  supported  by  a Grant-In-Aid  of  Re- 
search from  Sigma  Xi  and  a scholarship  from 
The  Merrie  Nellis  Memorial  Trust. 

LITERATURE  CITED 

Abraham,  B.  J.  1983.  Spatial  and  temporal  patterns 
in  a sagebrush  steppe  spider  community  (Arachni- 
da:  Araneae).  J.  Arachnol.,  11:31-50. 

Coleboum,  P.  H.  1974.  The  influence  of  habitat 
structure  on  the  distribution  of  Araneus  diadematus 
Clerck.  J.  Anim.  Ecol.,  43:401-410. 

Duffey,  E.  1 966.  Spider  ecology  and  habitat  structure. 

Senckenbergiana  Biol.,  47:45-49. 

Foelix,  R.  F.  1982.  Biology  of  spiders.  Harvard  Uni- 
versity Press,  Cambridge,  Massachusetts. 

Gertsch,  W.  J.  1979.  American  spiders.  Van  Nos- 
trand Reinhold  Company,  New  York. 

Greenquist,  E.  A.  & J.  S.  Rovner.  1976.  Lycosid  spi- 
ders on  artificial  foliage:  stratum  choice,  orientation 
preferences,  and  prey-wrapping.  Psyche,  83: 1 96-209. 
Hatley,  C.  L.  & J.  A.  MacMahon.  1980.  Spider  com- 
munity organization:  seasonal  variation  and  the  role 
of  vegetation  architecture.  Env.  Entomol.,  9:632- 
639. 

Janetos,  A.  C.  1 986.  Web-site  selection:  are  we  asking 
the  right  questions?,  Pp.  9-22,  In  Spiders:  webs, 
behavior,  and  evolution.  (W.  A.  Shear,  ed.).  Stan- 
ford University  Press,  Stanford. 

Kaston,  B.  J.  1978.  How  to  know  the  spiders.  W.  C. 
Brown,  Dubuque,  Iowa. 

MacMahon,  J.  A.,  D.  J.  Schimpf,  D.  C.  Andersen,  K. 
G.  Smith  & R.  L.  Bayn.  1981.  An  organism-cen- 
tered approach  to  some  community  and  ecosystem 
concepts.  J.  Theor.  Biol.,  88:287-307. 

Riechert,  S.  E.  & C.  R.  Tracy.  1975.  Thermal  balance 
and  prey  availability:  bases  for  a model  relating  web- 
site characteristics  to  spider  reproductive  success. 
Ecology,  56:265-284. 

Riechert,  S.  E.  1985.  Decisions  in  multiple  goal  con- 
texts: habitat  selection  of  the  spider  Agelenopsis 
aperta  (Gertsch).  Z.  TierpsychoL,  70:53-69. 
Riechert,  S.  E.  & R.  G.  Gillespie.  1 986.  Habitat  choice 
and  utilization  in  web-building  spiders,  Pp.  23-48, 
In  Spiders:  webs,  behavior,  and  evolution.  (W.  A. 
Shear,  ed.).  Stanford  University  Press,  Stanford. 
Robinson,  J.  V.  1 978.  The  effect  of  architectural  vari- 
ation in  habitat  on  a spider  community:  an  exper- 


RESEARCH  NOTES 


81 


imental  field  study  with  special  reference  to  resource 
partitioning.  Ph.D.  Dissertation,  Utah  State  Uni- 
versity, Logan. 

Robinson,  J.  V.  1981.  The  effect  of  architectural  vari- 
ation in  habitat  on  a spider  community:  an  exper- 
imental field  study.  Ecology,  62:73-80. 

Romesburg,  H.  C.  & K.  Marshall.  1985.  CHITEST: 
a Monte-Carlo  computer  program  for  contingency 
table  analysis.  Comp.  & Geosci.,  1 1:69-78. 

Sinervo,  B.  & J.  B,  Losos.  1991.  Walking  the  tight 
rope:  arboreal  sprint  performance  among  Scelopo- 
rm  occidentatis  lizard  populations.  Ecology,  72: 1 225- 
1233. 

Southwood,  T.  R.  E.  1978.  Ecological  methods. 
Chapman  and  Hall,  London. 

Turnbull,  A.  L.  1973.  Ecology  of  the  true  spiders 
(Araneomorphae).  Ann.  Rev.  EntomoL,  18:305-347. 

Uetz,  G.  W.  1991.  Habitat  structure  and  spider  for- 
aging. Pp.  325-348,  In  Habitat  structure:  the  phys- 


ical arrangement  of  objects  in  space.  (S.  S.  Bell,  E, 
D.  McCoy  & H.  R.  Mushinsky,  eds.).  Chapman  and 
Hall,  London. 

W ing,  K.  1984.  The  effects  of  altered  prey  availability 
and  shrub  architecture  on  spider  community  param- 
eters: a field  experiment  in  a shmb-steppe  ecosys- 
tem. Ph.D.  Dissertation,  Utah  State  University,  Lo- 
gan. 

Wise,  D.  H.  1993.  Spiders  in  ecological  webs.  Cam- 
bridge Series  in  Ecology.  Cambridge  University 
Press,  Cambridge. 

William  J.  Ehmann:  Department  of  Biology, 
Ecology  Center,  Utah  State  University;  Logan, 
Utah  84322^5305  USA. 

Manuscript  received  1 July  1993,  revised  19  August 
1993. 


1994.  The  Journal  of  Arachnology  22:82-83 


SUPPLEMENTARY  NOTES  ON  THE  GROUND  SPIDER 
FAMILY  OTHAERONIDAE  (ARANEAE,  GNAPHOSOIDEA) 


As  delimited  in  a recent  revision  (Platnick 
1991),  the  family  Cithaeronidae  consists  of  two 
genera  of  rarely  collected  ground  spiders  from 
the  Old  World.  Since  the  completion  of  that  re- 
vision, several  interesting  specimens  have  come 
to  hand,  including  the  first  record  of  the  group 
from  Europe,  a new  species  from  India,  and  the 
first  known  male  of  the  genus  Inthaeron.  We 
report  here  on  new  material  from  the  collections 
of  the  Zoological  Survey  of  India  (ZSI)  as  well 


as  on  specimens  kindly  made  available  by  Drs. 
J.  Wunderlich,  Straubenhardt,  Germany  (CJW), 
J.  Coddington,  National  Museum  of  Natural 
History,  Smithsonian  Institution  (USNM),  and 
V.  Ovtsharenko,  Zoological  Institute,  Academy 
of  Sciences,  St.  Petersburg  (ZISP).  The  format  of 
the  descriptions  follows  that  of  the  revision.  As- 
sistance with  illustrations  was  supplied  by  Dr. 
M.  U.  Shadab  of  the  American  Museum  of  Nat- 
ural History. 


Figures  1-5.— 1-3.  Inthaeron  rossi  Platnick,  left  male  palp:  1.  prolateral  view;  2.  ventral  view;  3.  retrolateral 
view.  4,  5.  Cithaeron  indicus,  new  species,  epigynum:  4.  ventral  view;  5.  dorsal  view. 
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Cithaeron  praedonius  O.  P.-Cambridge 

New  Records.” Greece^  Peloponnese:  Argolis, 
Epidaums,  May  14, 1985  (L.  Paraschi,  CJW),  l6. 
Iran:  Tehran:  Tehran,  May  28,  1964  (J.  Neal, 
USNM),  15.  Turkmenistan:  Krasnovodsk:  near 
Krasnovodsk  Mtns.,  April  14,  1987  (A.  A.  Zyu- 
zin, ZISP),  15. 

Cithaeron  indicus  new  species 
Figs.  4,  5 

Type.  ■—Female  holotype  from  Khalragad, 
Rajnandgaon  District,  Madhya  Pradesh,  India, 
December  20,  1983  (U.  A.  Gajbe,  deposited  in 
ZSI). 

Etymology.— The  specific  name  refers  to  the 
type  locality. 

Diagnosis.— Females  of  this  species  can  easily 
be  distinguished  from  those  of  the  other  known 
members  of  the  genus  by  their  elongated  epigynal 
hood  (Fig.  4). 

Male:  Unknown. 

Female:  Total  length  6.79  mm.  Carapace  2.90 
long,  2.14  wide.  Femur  II  2.50  long.  Eye  sizes 
and  interdistances:  AME  0.14,  ALE  0.12,  PME 
0.17,  PLE  0.13;  AME-AME  0.14,  AME-ALE 
0.04,  PME-PME  0.04,  PME-PLE  0.12,  ALE- 
PLE  0.21;  MOQ  length  0.54,  front  width  0.41, 
back  width  0.38.  Epigynum  with  elongated  an- 
teromedian hood  and  anterolateral  openings  (Fig. 
4);  epigynal  ducts  wider  anteriorly  than  poste- 
riorly (Fig.  5).  Leg  spination:  femora  I-IV  d 1 -0- 
0;  tibiae:  III  v Ip- Ip- Ip;  IV  vlp-lp-2;  metatarsi: 
III  V2-0-0;  IV  v2-lr-0. 

Other  material  examined. —India:  Madhya 
Pradesh:  Keshala  village,  Harsitahsil,  Hoshan- 
gabad  District,  January  1,  1990  (U.  A.  Gajbe, 
ZSI),  1$. 

Distribution.— Known  only  from  central  In- 
dia. 


Inthaeron  rossi  Platnick 
Figs.  1-3 

Diagnosis.— The  newly  discovered  male  has  a 
distinctive,  highly  coiled  embolus  (Figs.  1-3). 

Male:  Total  length  5.93  mm.  Carapace  2.41 
long,  1.80  wide.  Femur  II  2.68  long.  Eye  sizes 
and  interdistances:  AME  0.15,  ALE  0.12,  PME 
0.20,  PLE  0.13;  AME-AME  0.10,  AME-ALE 
0.02,  PME-PME  0.01,  PME-PLE  0.06,  ALE- 
PLE  0.14;  MOQ  length  0.40,  front  width  0.40, 
back  width  0.41.  Retrolateral  tibial  apophysis 
short;  median  apophysis  reduced  to  tiny  lobe; 
embolus  with  translucent,  fringed  flange  (Figs. 
1-3).  Leg  spination:  femora  I-IV  d 1-0-0;  tibiae: 

III  v2-lp-2;  IV  missing;  metatarsi:  III  v2-lr-0; 

IV  missing. 

Female:  Described  by  Platnick  (1991). 

New  Record. “India:  Madhya  Pradesh:  Bhes- 
dehi,  Betul  District,  March  31,  1990  (H.  S.  Shar- 
ma,  ZSI),  15. 

Distribution.— Known  only  from  central  In- 
dia. 
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A CASE  OF  HETEROSPECIFIC  MATING  IN  WOLF  SPIDERS 
(ARANEAE,  LYCOSIDAE) 


Heterospecific  matings  are  known  to  occur  be- 
tween closely  related  wolf  spider  species  in  cap- 
tivity (Locket  & Millidge  1951;  Den  Hollander 
et  al.  1973;  Uetz  & Denterlein  1979;  Suwa  1980, 
1985;  Stratton  & Uetz  1 983;  Francescoli  & Costa 
1992).  The  present  note  will  report  on  an  occa- 
sional mating  between  two  distantly  related  Pa- 
learctic  species,  viz.,  Acantholycosa  lignaria 
(Clerck)  and  Pardosa  sphagnicola  (F.  Dahl).  [The 
genus  Acantholycosa  was  placed  as  a junior  syn- 
onym to  Pardosa  by  Wunderlich  (1984),  though 
this  has  not  been  followed  by  all  subsequent  au- 
thors.] The  long-legged  A.  lignaria  lives  on  dead 
tree  trunks,  tree  stumps  and  among  masses  of 
large  stones.  P.  sphagnicola  prefers  mires,  no- 
tably with  a Sphagnum  cover. 

The  specimens  were  collected  ca.  20  km  N of 
Stockholm,  Sweden,  in  May  1993.  Specimens  of 
Pardosa  sphagnicola  were  brought  home  alive 
and  kept  separate  in  captivity  for  observations 
on  courtship  behavior.  In  addition,  a single  sub- 
adult female  of  Acantholycosa  lignaria  was  cap- 
tured (on  2 May).  When  not  further  needed,  two 
of  the  P.  sphagnicola  males  (captured  as  adults 
on  27  May)  were  presented  as  food  for  the  con- 
siderably larger  female  of  A.  lignaria.  The  P. 
sphagnicola  males  were,  however,  not  attacked 
for  days  (period  not  exactly  recorded)  by  the  fe- 
male A.  lignaria,  which  was  fed  on  Drosophila 
melanogaster. 

On  the  morning  (about  08 1 5 h)  of  1 6 June,  the 
female  A.  lignaria  had  finally,  probably  during 
the  previous  night,  molted  to  adult.  What  is  more, 
one  of  the  male  P.  sphagnicola  was  “riding”  her 
in  the  typical  type  3 (Foelix  1982)  mating  posi- 
tion common  to  lycosids.  The  male  had  probably 
mounted  the  female  in  connection  with  her  molt- 
ing, i.  e.,  when  she  could  not  maintain  her  ag- 
gressive/repelling behavior.  The  male  occasion- 
ally performed  movements  of  the  body  that 
normally  precede  palpal  insertions.  Though  I was 
able  to  observe  only  a small  number  of  coupling 
attempts,  it  is  unlikely  that  the  male  bulbus  ever 
linked  to  the  epigyne.  The  copulatory  organs  in 
the  two  species  are  considerably  different  (cf.,  e. 
g..  Holm  1947)  and  a coupling  would  probably 


be  impossible  due  to  morphological  incompati- 
bility. Maybe  the  size  difference  between  the  two 
specimens  (total  body  length  A.  lignaria  2:  7.7 
mm,  P.  sphagnicola  ($:  4.8  mm)  also  prevented 
the  male  bulb  from  reaching  the  epigyne.  The 
male  remained  in  the  mating  position  during  the 
whole  day  and  did  not  leave  the  female  until  the 
following  night  (0040  h)  when  the  pair  had  just 
been  moved  into  another  box  with  wet  cotton 
(both  specimens  were  very  thirsty)  after  being 
photographed  (Fig.  1).  No  further  observations 
were  made  (the  female  was  then  put  in  ethanol). 

Sexual  behavior  in  male  lycosid  spiders  is  in- 
duced by  contact  with  female  silk  and/or  integ- 
ument and,  most  likely,  sex  semiochemicals  from 
the  females  are  involved  (Tietjen  & Rovner  1 982). 
Males  also  emit  substances  which,  at  least  in 
certain  species,  will  act  as  sex  semiochemicals. 
Cuticular  pores  could  well  be  the  emitting  site 
for  integumental  semiochemicals,  and  such  pores 
have  been  found  in  both  males  and  females  of 
lycosids  (Kronestedt  1986;  Juberthie-Jupeau  et 
al.  1990).  A species-specificity  in  the  sex  semi- 
ochemicals would  be  of  advantage  in  bringing 
the  sexes  together.  It  is  known,  however,  that 
males  of  various  lycosid  species  do  not  fully  dis- 
criminate conspecific  mating  partners  from  those 
of  related  species,  while  the  females  show  a strict- 
er species-specific  choice  of  males  {Schizocosa: 
Uetz  & Denterlein  1979,  Stratton  & Uetz  1983; 
Pardosa:  Suwa  1980,  1985;  Lycosa:  Costa  & Ca- 
pocasale  1984).  Hegdekar  & Dondale  (1969) 
demonstrated  that  males  of  two  Pardosa  and  two 
Schizocosa  species  were  sexually  excited  by  some 
substrate-deposited  semiochemical  from  the 
conspecific  female,  though  one  of  the  male  Par- 
dosa, P.  moesta  Banks,  was  also  aroused  by  a 
substrate  previously  exposed  to  female  Schizo- 
cosa crassipalpata  Roewer.  Also,  subadult  fe- 
males may  attract  mature  conspecific  males  in 
lycosids.  In  the  sedentary  species  Geolycosa  tur- 
ricola  (Treat),  mature  males  were  found  at  the 
burrow  entrance  of  subadult  females  waiting  for 
them  to  molt  (Miller  & Miller  1986).  Though  it 
is  not  experimentally  shown  which  cues  are  op- 
erating in  close  range  mate-finding  in  this  species. 
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Figure  L— Heterospecific  mating  between  a male  Pardosa  sphagnicola  (on  top,  facing  leftward)  and  a female 

Acantholycosa  lignaria. 


chemical  ones  associated  with  silk  and/or  aerial 
sex-attractants  may  be  involved.  Apart  from  the 
Geolycosa  case,  evidence  of  emitting  sexual  sig- 
nals by  subadult  lycosid  females  is  unknown. 

Some  semiochemical  was  most  likely  emitted 
from  the  integument  of  the  female  Acantholycosa 
lignaria,  enabling  the  male  Pardosa  sphagnicola 
to  recognize  her  as  a mating  partner.  As  the  two 
species  are  not  closely  related,  one  may  ask 
whether  there  exist  components  in  the  chemical 
“messages”  of  lycosid  females  common  to  spe- 
cies within  a certain  “phyletic  distance”?  May  a 
longer  absence  from  females  lower  the  species- 
specificity  in  sexual  response  of  conspecific  males? 
Or,  is  some  component  in  a presumed  integu- 
mental  semiochemical  of  the  female  A.  lignaria 
biologically  active  also  in  just  the  male  of  P. 
sphagnicola,  a somewhat  unlikely  coincidence? 

I thank  J.  S.  Rovner  and  G.  E.  Stratton  for 
comments  when  reviewing  the  manuscript. 
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Heinrich  Homann 
1894-1993 


Heinrich  Homann,  an  honorary  member  of 
The  American  Arachnological  Society,  passed 
away  on  26  July  1993,  in  his  100th  year.  Only 
a week  earlier  I had  received  a letter  from  him 
describing  how  honored  he  felt  that  R.  F.  Foelix’s 
second  edition  of  Biologie  der  Spinnen  had  been 
dedicated  to  him. 

Homann  was  bom  on  8 March  1894  in  Mor- 
ingen,  Lower  Saxony.  He  studied  zoology,  bot- 
any, chemistry,  physics  and  geology  from  1912 
to  1 9 1 3 in  Gottingen,  from  1 9 1 3 to  1 9 1 4 in  Mu- 
nich, and  after  the  war  he  was  (1919  to  1921)  in 
Gottingen.  His  zoology  professors  were  R.  Gold- 
schmidt, O.  Hertwig,  A.  Kiihn  and  K.  von  Frisch. 
His  doctoral  thesis  was  a study  of  insect  ocelli 
done  with  professors  A.  Pohl  in  physics  and  A. 
Kuhn  in  zoology.  From  the  time  of  his  Ph.  D. 
thesis  he  always  had  some  working  space  in  the 
Institute  of  Physics.  At  first  he  was  assistant  to 
Prof.  Pohl;  later  he  taught  in  a gymnasium  (high 
school).  He  retired  from  teaching  in  1959. 

All  of  Homann’s  scientific  work  was  done  in 
his  spare  time  from  teaching.  His  main  interests 
were  eyes  and  vision.  A casual  observation,  while 
collecting,  of  a moving  retina  in  Xysticus  led  him 
to  the  study  of  eyes  of  spiders.  He  first  studied 
the  physiology,  then  the  embryology,  of  eyes  of 
several  species,  and  eventually  the  internal  anat- 
omy of  lateral  and  posterior  median  eyes  (sec- 
ondary eyes)  of  about  400  species.  He  used  the 
results  of  these  studies  as  the  basis  for  the  clas- 
sification of  spider  families,  and  to  affiliate  un- 
certain subfamilies  or  groups  of  genera  with  some 
of  the  better  known  families.  The  simplest  meth- 
od of  studying  eyes,  he  found,  was  to  clear  spiders 
with  methyl  benzoate  and  study  the  arrangement 
of  the  tapetum,  which  remained  opaque.  This 
could  be  done  without  damaging  the  specimens. 
One  of  his  findings  was  that  the  eyes  of  all  Ly- 
cosoidea  have  a derived,  grate-shaped  tapetum. 

Besides  eyes,  he  investigated  the  mechanism 
of  molting,  measuring  the  spider’s  blood  pressure 
before  and  during  the  molt  with  the  simplest  of 
instruments  (the  high  pressures  obtained  were 
later  verified  in  England  using  more  elaborate 
equipment).  Also,  he  showed  that  setae  are  nec- 
essary for  the  exuvia  to  slide  off  the  appendages. 
He  constructed  a model  leg  of  three  wooden  tubes, 
each  10  cm  long  and  2 cm  in  diameter,  with  air- 


tight connections  made  of  bicycle  inner  tubing, 
leaving  2 cm  spaces  between  the  wooden  tubes. 
One  end  of  the  leg  was  sealed,  the  other  end  had 
two  valves,  one  for  adding  air  and  the  second 
permitting  air  to  escape.  When  air  was  added, 
the  inner  tube  joints  bulged.  Short  pieces  of  watch 
spring  were  nailed  to  the  wooden  tubes  as  ma- 
crosetae.  For  the  exuvium,  the  “leg”  was  loosely 
wrapped  in  paper.  By  rhythmically  adding  air, 
with  intermediate  pauses  permitting  air  to  es- 
cape, he  caused  the  paper  exuvium  to  slip  off  the 
leg.  In  one  of  his  publications  he  reported  the 
results  of  simple  experiments  demonstrating  that 
certain  spiders  can  walk  up  smooth  surfaces  be- 
cause their  scopula  hairs  cling  to  the  thin  water 
film  on  the  surface  of  the  substrate. 

In  1968  Homann  visited  and  stayed  with  us. 
He  returned  to  America  with  his  wife  the  follow- 
ing year,  where  he  gave  his  first  lecture  in  English 
to  our  Museum  seminar. 
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Homann  remained  active  and  attended  arach- 
nology  meetings  until  1974  in  Amsterdam.  He 
published  until  1985,  at  which  time  he  was  over 
90.  He  continued  to  be  interested  in  history,  es- 
pecially that  of  the  second  World  War,  and  also 
in  his  contacts  with  individual  arachnology  stu- 
dents who  came  for  visits. 

Homann  was  fortunate  to  have  escaped  in- 
capacitating illness.  A few  days  before  his  death 
he  fell  and  broke  an  arm  bone.  After  returning 
home,  before  an  expected  longer  stay  at  a con- 
valescent home,  he  passed  away  suddenly  when 
resting  on  a stair.  His  wife  had  died  several  years 
earlier. 

Most  of  the  notes  here  are  from  commentaries 
left  by  Homann  himself  and  made  available  by 
his  son,  Prof.  K.  H.  Homann.  The  photograph 
was  supplied  by  his  daughter,  Barbara  Wede- 
pohl.  Other  notes  come  from  Foelix’s  commem- 
oration of  Homann’s  99th  birthday  (Arachnol- 
ogische  Mitteilungen  5:1-3). 
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LOCOMOTOR  BEHAVIOR  DURING  PREY-CAFLURE 
OF  A FISHING  SPIDER,  DOLOMEDES  PLANT ARIUS 
(ARANEAE;  ARANEIDAE):  GALLOPING  AND  STOPPING 

Stanislav  N.  Gorb'  and  Friedrich  G.  Barth^:  Institut  fiir  Zoologie,  Universitat  Wien, 
Althanstr.  14,  A- 1090  Wien,  Austria 


ABSTRACT.  LocomotioE  of  Dolomedes plantarius  Clerck  was  examined  using  video  analysis.  The  experiments 
demonstrate  a hitherto  unknown  aquatic  mode  of  locomotion  of  Dolomedes  during  prey  capture.  In  a spider 
running  on  the  water  surface  the  powerful  retraction  of  legs  1 , 2 alternates  with  free  flight  above  the  water  surface. 
The  stepping  cycle  in  this  kind  of  galloping  is  five  times  quicker  than  in  case  of  ordinary  rowing.  The  experiments 
also  show  that  the  spider  may  use  its  elastic  safety  thread  to  actively  stop  its  inertial  movements  after  having 
stopped  active  locomotion  on  the  water  surface.  To  this  end  it  grasps  the  thread  by  the  tarsal  claw  of  legs  4. 
Some  ecological  aspects  of  locomotory  behavior  in  Dolomedes  and  the  evolutionary  origin  of  aquatic  rowing 
and  running  are  discussed. 


Semi-aquatic  fishing  spiders  of  the  genus  Do- 
lomedes occupy  a heterogeneous  habitat  of  emer- 
gent vegetation  near  open  water  and  localize  prey 
by  vibration  stimuli  of  the  water  surface  (Bleck- 
mann  1984;  Bleckmann  & Barth  1984).  After 
detection  of  a potential  prey  the  spider  moves 
rapidly  over  the  water  surface  to  capture  its  prey 
and  then  usually  returns  to  its  resting  place.  Its 
locomotion  is  a compromise  response  to  the  dif- 
ferent physical  conditions  of  solid  substrates  and 
the  water  surface  (Barnes  & Barth  1 99 1).  On  sol- 
id substrates,  Dolomedes  uses  an  alternating  tet- 
rapod  stepping  pattern  as  is  typical  of  terrestrial 
spiders;  on  the  water  surface,  however,  the  spider 
switches  to  specialized  aquatic  locomotion  with 
its  ipsilateral  legs  performing  a metachronal  step- 
ping pattern  (Shultz  1987). 

Ehlers  (1939)  briefly  describes  surface  film  lo- 
comotion in  several  species  of  spiders  including 
the  initial  phase  of  running  towards  prey  in  D. 
fimbriatus:  third  and  then  second  legs  rapidly 
retract,  often  followed  by  retraction  of  the  first 
legs.  Both  rowing  (Shultz  1987)  and  wind-as- 
sisted movements  or  “sailing  behavior”  (Deshe- 
fy  1981)  of  fishing  spiders  have  been  studied. 
Locomotor  behavior  during  prey-capture  on  the 
water  surface  is  more  complicated  than  the  me- 
tachronal stepping  pattern  during  rowing.  In  this 
paper  two  questions  regarding  the  locomotor  be- 

' Current  address:  Department  of  Insect  Physiology, 
Shmalhausen  Institute  of  Zoology;  B.  Chmelnickogo 
str.  15;  Kiev,  252601,  Ukraine 
^Reprint  requests  to  FGB. 


havior  of  fishing  spiders  are  asked:  (1)  How  does 
the  spider  move  towards  its  prey?  (2)  What  is 
the  function  of  the  dragline  attached  to  the  spider 
while  running  on  the  water  surface? 

METHODS 

We  used  subadult  males  and  females  of  the 
species  Dolomedes  plantarius  Clerck  (body  length 
1.5-2. 5 cm)  for  the  experiments.  The  animals 
were  kept  individually  in  small  jars  in  the  lab- 
oratory and  were  not  fed  for  3-4  days  before  an 
experiment.  Buzzing  flies  {Calliphora  vicina) 
dropped  onto  the  water  surface  5-10  cm  away 
from  the  spider  served  as  prey  stimuli.  The  spi- 
ders formed  two  experimental  groups,  (i)  intact 
and  (ii)  with  spinnerets  covered  by  wax. 

By  using  a mirror,  the  reactions  of  the  spiders 
to  prey  were  videofilmed  simultaneously  from 
above  and  from  the  side.  For  this  purpose  we 
used  a camcorder  (Panasonic  NV-MSIE)  with 
“High-Speed-Shutter”  positions  at  ^oo  s and  Vioog 
s.  With  a video  timer  (Panasonic  VW-CG2E) 
reaction  times  could  be  determined  with  a res- 
olution of  0.01  s.  Sequences  of  movements  were 
reconstructed  and  drawn  on  the  basis  of  single 
frame  analysis  (videorecorder:  Panasonic  NV-FS 
100  HQ,  50  pictures/s).  Apart  from  the  move- 
ments as  such,  two  additional  parameters  were 
determined:  distance  of  passive  drifting  after 
having  stopped  active  running  towards  the  fly 
and  speed  along  the  first  stretch  of  the  running 
distance.  In  each  experiment  N individuals  were 
used  to  obtain  a sample  of  n. 
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Figure  1 . — Resting  posture  of  Dolomedes  plantarius. 
Legs  L 1 , R 1 , and  L2  touch  the  water  surface.  The  spider 
fastens  itself  to  the  solid  substrate  with  a thread,  in- 
dicated by  an  (*). 


RESULTS 

Resting  posture.— When  resting,  D.  plantarius 
adopted  a posture  also  typical  of  other  Do- 
lomedes species:  legs  1 or  1 + 2 or  1 + 2 + 3 
contacted  the  water  surface,  legs  4 always  con- 
tacted the  solid  substrate.  When  resting  the  spi- 
der fastened  itself  to  some  solid  substrate  with  a 
thread  (Fig.  1).  If  an  insect  was  dropped  onto  the 
water  surface  near  the  spider,  the  spider  usually 
responded  with  prey  capture  behavior.  For  intact 
spiders  average  reaction  time  was  1.8  s (SD  = 
±0.6;  TV  = 5\n  = 32).  In  spiders  with  functionless 
spinnerets  the  reaction  time  was  significantly 
longer,  measuring  15.8  s (SD  = ±6.3;  N = 3;  n 
= 10). 

Moving  tOH^ards  potential  prey.  — When  only 
legs  1 were  placed  on  the  water  surface,  the  spider 
occasionally  jumped  onto  the  water  by  succes- 
sively moving  legs  2 and  3 (Fig.  2).  With  other 
leg  pairs  also  contacting  the  water  surface  film 
in  its  starting  position,  the  spider’s  reaction  con- 
sisted of  a quick  turn  followed  by  running  to  the 
wave  source.  The  spider’s  speed  of  locomotion 
in  this  situation  could  reach  0.75  m/s  (SD  = 
±0.15;  N = 5;  n = 45).  During  ordinary  rowing 
the  speed  was  only  about  0.3  m/s  (SD  = ±0.08; 
N = 5’,  n = 20).  When  running  towards  prey,  D. 
plantarius  used  a leg  pattern,  which  differed  from 
the  ordinary  rowing  leg  pattern  (Figs.  3,  4);  (1) 
simultaneous  abrupt  retraction  of  legs  1 , 2 and 
protraction  of  legs  3;  (2)  for  a short  time  the 
spider  had  no  contact  to  the  water  surface;  (3) 
after  landing,  legs  4 both  retracted  abruptly  (cor- 
rection of  direction);  (4)  legs  3 retracted.  Con- 


Figure 2.— Jump  of  hunting  spider  from  the  bank 
towards  wave  source.  Legs  2 and  3 move  successively. 
The  sequence  1 to  4 covers  a time  period  of  0. 1 s.  Black 
dots  show  where  legs  touch  solid  substrate. 

tralateral  legs  moved  in  synchrony.  The  duration 
of  the  stepping  cycle  was  approximately  0.1  s. 
Spiders  with  functionless  spinnerets  and  intact 
spiders  did  not  differ  with  regard  to  the  move- 
ment pattern.  As  Fig.  3 shows,  during  such  “gal- 
loping” the  body  of  Z).  plantarius  did  not  touch 
the  water  surface,  contrary  to  its  behavior  during 
rowing  locomotor  mode.  While  charging,  the  spi- 
der produced  a dragline  (Fig.  5). 

Stopping  near  prey.— The  spider  sometimes 
used  its  elastic  safety  thread  to  actively  stop  its 
inertial  movements  after  having  stopped  active 
locomotion  on  the  water  surface  (Fig.  6).  To  this 
end  it  grasped  the  thread  by  the  tarsal  claws  of 
legs  4.  The  distance  of  passive  inertial  movement 
averaged  1.3  cm  for  intact  spiders  (SD  = ±0.3; 

= 5;  « = 18).  For  spiders  with  functionless 
spinnerets  and  with  no  dragline  the  distance  of 
passive  inertial  movement  increased  to  4.5  cm 
(SD  = ±0.5;  A^=  3\n=  10). 

Course  correction  after  failure.— After  having 
missed  a prey  animal  D.  plantarius  usually  rested 
on  the  open  water  waiting  for  another  prey  pro- 
duced vibratory  signal.  In  this  situation  the  re- 
action time  averaged  3,9  s (SD  = ± 1.2;  = 5; 

n = 32)  for  intact  spiders  but  considerably  larger 
(12.8  s;  SD  = ±3.0;  A^  = 3;  « = 10)  for  spiders 
unable  to  produce  a dragline  because  of  func- 
tionless spinnerets.  Threadless  spiders  attracted 
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Figure  3.— Kinematics  of  one  stepping  cycle  during  running  on  the  water  surface  from  the  side  (left)  and  from 
above  (right).  After  simultaneous  retraction  of  legs  1 and  2 (2),  no  leg  touches  the  water  (free  flight  phase)  (3). 
Legs  4 make  the  directional  correction  (4,  5).  The  sequence  1 to  6 covers  a time  period  of  0. 1 s. 


Figure  4.— Gait  diagram  showing  stepping  patterns 
of  Dolomedes  triton,  when  rowing  (after  Shultz  1987), 
and  of  D.  plantarius,  when  running.  Contralateral  legs 
move  in  synchrony. 


by  potential  prey  move  toward  the  source  of  wa- 
ter surface  waves  at  a speed  three  times  greater 
than  that  of  intact  spiders.  Intact  spiders  moved 
passively  around  two  points:  the  point  of  thread 
fixation  by  tarsal  claw  and  the  point  of  thread 
fixation  to  the  solid  substrate  bordering  the  body 
of  water  from  where  they  started.  After  having 
located  another  prey  signal  the  spider  again  ran 
towards  the  wave  source. 

Prey  capture.— D.  plantarius  caught  its  prey 
with  its  front  legs.  In  case  of  big  prey  items,  it 
also  used  its  posterior  legs.  In  this  situation  all 
legs  were  used  except  the  one  holding  the  thread. 
After  having  immobilized  (caught)  its  prey,  all 
legs  resumed  their  ordinary  resting  posture  on 
the  water  surface.  In  this  situation  the  spider  was 
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Figure  5.  — Scanning  electron  microphotographs  of  leg  3 tarsal  claws  holding  a safety  thread  (arrow). 


connected  to  the  solid  edge  of  the  water  body  by 
its  safety  thread. 

DISCUSSION 

Many  arthropods  have  more  than  one  mode 
of  locomotion.  Aquatic  insects  such  as  beetles 
{Dytiscus,  Hydrophilus),  bugs  (families  Nepidae, 
Gerridae,  Hydrometridae)  (Wendler  et  al.  1 985), 
anisopteran  dragonfly  larvae  and  several  species 
of  different  spider  taxa  (Ehlers  1939;  Barnes  & 
Barth  1991)  both  walk  on  solid  substrate  as  well 
as  row  on  the  water  surface. 

Locomotion  on  the  water  surface.  — Schultz 
(1987)  describes  ordinary  rowing  of  Dolomedes 
triton  quantitatively.  He  discusses  two  alterna- 


tive motor  programs  adapted  for  terrestrial  or 
aquatic  locomotion.  Our  experiments  demon- 
strate an  additional  aquatic  motor  program  for 
Dolomedes  (Fig.  4),  Thus,  two  different  loco- 
motor patterns  exist  on  the  water  in  different 
behavioral  situations.  In  a spider  running  on  the 
water  surface  the  powerful  retraction  of  legs  1,  2 
alternates  with  free  flight  above  the  water  surface. 
The  stepping  cycle  in  this  kind  of  galloping  is 
five  times  shorter  than  in  the  case  of  ordinary 
rowing.  This  behavior,  on  the  other  hand,  is  sim- 
ilar to  rowing  in  showing  synchronized  move- 
ments of  contralateral  legs  and  in  correction  of 
direction  by  legs  4.  Running  at  a speed  of  more 
than  0.7  m/s  seems  to  be  necessary  for  Do- 
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time  0.1  s 


Figure  6.— Kinematics  of  the  movements  using  a 
thread:  passive  movements  around  the  point  of  thread 
fixation  by  tarsus  claw  (1)  and  around  the  point  of 
thread  fixation  to  the  solid  substrate  (2);  active  stopping 
by  legs  4 movements  near  the  potential  prey  after  run- 
ning (3).  Filled  circles  show  a point  of  thread  fixation 
by  tarsal  claws,  arrow  shows  general  direction  of  lo- 
comotion. The  time  periods  covered  by  the  phases 
shown  in  (1),  (2)  and  (3)  are  given  in  the  respective 
figures. 


lomedes  because  its  prey  may  rapidly  escape.  The 
synchronous  contralateral  leg  movements  and 
directional  correction  by  legs  4 suggest  an  iden- 
tical evolutionary  origin  of  aquatic  rowing  and 
running. 

Thread.— In  several  species  of  different  taxa 
spiders  use  a dragline  (safety  thread)  to  fasten 
themselves  to  solid  substrate  during  “normal” 
locomotion,  when  dropping  and  swinging  during 
dispersal  behavior  (Barth  et  al.  1991)  and  when 
jumping  (Parry  & Brown  1959)  and  climbing  back 
(Ehlers  1 939).  Our  experiments  show  yet  another 
aspect  of  using  such  threads.  After  rapid  running 
spiders  need  to  stop  near  the  prey.  Spiders  with- 
out thread  may  pass  beyond  their  prey  by  more 
than  four  cm  due  to  inertial  forces  after  having 
stopped  active  locomotion.  In  the  natural  habitat 
this  distance  may  be  greater,  owing  to  water  and 
wind  currents.  The  thread,  which  is  used  for  stop- 
ping the  spider  and  holding  it  near  the  bank,  is 
produced  by  the  spider  during  running  to  its  prey 
and  during  active  movements  of  the  posterior 


legs.  Such  a thread  may  also  help  to  support  bal- 
ance during  prey  capture. 
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SEQUENCE  ANALYSIS  OF  COURTSHIP  BEHAVIOR 
IN  THE  DIMORPHIC  JUMPING  SPIDER  MAEVIA  INCLEMENS 

(ARANEAE,  SALTICIDAE) 


David  L.  Clark':  Department  of  Biological  Sciences,  University  of  Cincinnati, 
Cincinnati,  Ohio  45221  USA 

ABSTRACT.  Males  of  the  dimorphic  jumping  spider,  Maevia  inclemens  differ  in  both  morphology  and  court- 
ship behavior.  Transition  matrix  analysis  was  conducted  to  determine  what  differences  in  male  behavior  and 
female  receptivity  were  statistically  significant.  While  males  are  both  morphologically  and  behaviorally  distinct, 
there  was  a high  degree  of  overlap  in  the  courtship  sequences.  The  primary  difference  between  males  was  the 
standing  posture  used  by  the  tufted  morph  to  attract  female  attention  from  a distance  and  the  prone  posture 
used  by  the  gray  male  at  close  proximity  to  the  female.  When  these  behaviors  were  included  in  the  analysis  as 
separate  behaviors,  there  was  a significant  difference  between  transition  matrices  for  the  male  morphs.  However, 
when  these  behaviors  were  combined  and  called  “Phase  I courtship”  there  were  no  significant  differences  between 
the  morphs  nor  in  the  female  responses  to  male  behavior. 


The  dimorphic  jumping  spider,  Maevia  incle- 
mens Walckenaer  (also  known  under  the  name 
vittata),  is  a jumping  spider  commonly  found  in 
the  eastern  and  midwestem  USA.  In  M.  incle- 
mens, the  two  male  morphs  differ  dramatically 
in  both  morphology  and  behavior  (Peckham  & 
Peckham  1889,  1890;  Emerton  1961;  Painter 
1913,  1914;  Barnes  1955;  Jackson  1982).  Barnes 
(1955)  and  Kaston  (1972)  described  the  males 
as  variable  in  coloration:  in  one  variety  (tufted) 
the  body  is  black  with  three  tufts  of  setae  on  the 
anterior  cephalothorax,  the  legs  are  pale  and  un- 
marked (except  for  black  band  near  the  tips  of 
legs  I)  and  the  palps  are  generally  jet  black  (Fig. 
la);  in  the  other  morph  (gray)  the  body  has  black 
to  brown  chevrons  over  a pale  ground  color,  and 
the  sides  of  the  abdomen  and  legs  have  many 
oblique  bars.  Additionally,  the  gray  morph  is 
never  found  with  tufts,  instead  having  a pale 
horizontal  color  bar  on  the  anterior  cephalotho- 
rax above  the  median  and  lateral  eyes  and  yellow 
to  orange  pedipalps  (Fig.  lb).  Lacking  tufts  and 
orange  palps,  females  are  characterized  by  a rust 
colored  dorsal  abdomen  and  a conspicuous  white 
stripe  below  the  anterior  eyes. 

Previous  observations  by  Peckham  & Peck- 
ham (1889)  and  Painter  (1913,  1914)  showed 
that  male  dimorphism  in  Maevia  inclemens  in- 


' Current  Address:  Dept,  of  Biology,  Alma  College, 
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volved  not  only  morphological  differences  but 
differences  in  courtship  behavior.  However,  the 
descriptions  of  courtship  behavior  by  Peckham 
& Peckham  (1889)  and  Painter  (1913)  do  not 
fully  agree.  The  Peckhams  claimed  that  the  gray 
male,  upon  approaching  a female,  raised  its  first 
pair  of  legs  (either  so  as  to  point  them  forward 
or  upward),  keeps  the  palpi  stiffly  outstretched, 
and  bends  the  tip  of  the  abdomen  down  toward 
the  substratum.  They  observed  this  behavior 
when  males  were  at  distances  of  6-8  cm  from 
the  female.  This  was  followed  by  a dance  display 
where  legs  I were  clapped  together  while  the  male 
zig-zagged  from  side-to-side  (Fig.  2b).  Next,  the 
Peckhams  claimed  that  as  the  gray  male  ap- 
proached the  female  its  body  was  lowered  to  the 
substratum,  at  the  same  time  legs  I were  dropped 
and  it  assumed  a prone  or  crouched  position 
(where  legs  I and  II  were  pointed  forward  so  that 
the  tips  touch  in  front  and  the  proximal  joints 
were  held  almost  perpendicular  to  the  body  at 
right  angles).  After  assuming  this  prone  position, 
the  gray  morph  moved  in  a semicircle  before  the 
female,  sometimes  advancing,  sometimes  reced- 
ing (Fig.  lb).  Painter  (1913)  disagreed  with  this 
description  of  the  gray  morph  courtship  behav- 
ior. He  did  not  observe  the  raised  leg  with  stiff 
palp  display  and  reported  that  the  prone  position 
was  assumed  first  by  the  gray  male  when  it  rec- 
ognized the  female.  After  this,  the  male  raised 
the  front  legs  and  performed  the  leg  clapping  zig- 
zag dance  described  above. 
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Figure  1 .—Initial  reaction  of  male  Maevia  inclemens 
upon  sighting  a female,  a.  Tufted  morph.  After  sighting 
a female,  the  tufted  morph  stands  up  (STILTS)  and 
waves  legs  I vigorously  in  an  opening  and  closing  pat- 
tern, while  at  the  same  time  waving  the  pedipalps  up 
and  down,  and  swinging  the  abdomen  from  side  to 
side;  b.  Gray  morph.  In  contrast,  the  gray  morph 
crouches  down  (PRONE)  and  points  legs  I and  II  di- 
rectly forward  (crossing  the  tips  of  the  legs  and  creating 
a triangle-like  configuration)  while  holding  the  orange 
colored  pedipalps  beneath  the  anterior  eyes,  and  gliding 
back  and  forth  in  stationary  or  receding  semi-circles 
in  front  of  the  female. 


Figure  2.— Second  phase  reaction  of  male  Maevia 
inclemens  upon  sighting  a female,  a.  Tufted  morph 
performing  the  LEG  CLAPPING  display  during  the 
second  phase  of  courtship  where  males  approach  the 
females  to  mate;  b.  Gray  morph  performing  the  LEG 
CLAPPING  display. 


Descriptions  by  the  Peckhams  (1889)  and 
Painter  (1913)  on  the  courtship  display  of  the 
tufted  morph  are  in  agreement.  After  sighting  a 
female  the  tufted  morph  stood  up  or  stilted,  the 
first  pair  of  legs  was  held  above  the  cephalotho- 
rax  and  waved  to  and  fro,  cyclically  (Fig.  la). 
Neither  Peckham  & Peckham  (1889)  nor  Painter 
(1913)  reported  on  the  tufted  male  performing 
the  leg  clapping  zig-zag  dance  display  after  the 
stilt  display.  However,  as  will  be  reported  here, 
this  display  is  typical  of  tufted  males  (Fig.  2a) 
and  demonstrates  that  while  males  are  behaviorally 
distinct  during  one  phase  of  the  courtship  se- 
quence, the  motor  patterns  of  the  two  morphs 
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Table  1. —Tufted  morph  transition  matrix  {n  = 30  Tufted  males).  Column  of  letters  (far  left)  represents  the 
corresponding  behavior  (e.g.,  A = MLMVE;  BB  = FEORNT,  etc.).  Top  number  in  a row  is  the  observed  value 
and  the  bottom  number  is  the  expected  value.  Row  Chi  Square  values  are  given  in  the  far  right  column. 


Following  acts 


Tufted  male 


Preceding 

acts 

B. 

MLOR- 

NT 

C. 

MLAPP 

D. 

STILT 

E. 

PRONE 

F. 

LGCLP 

G. 

MLLG- 

FRN 

H.  1. 

CHASE  MLJMP 

J. 

MNTC- 

OP 

Tufted  male 

A.  MLMVE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.32 

0.15 

0.27 

0.00 

0.96 

0.36 

0.30 

0.12 

1.40 

B.  MLORNT 

0 

6 

5 

0 

5 

0 

0 

1 

0 

exp. 

1.25 

0.56 

1.06 

0.00 

3.70 

1.49 

1.15 

0.48 

5.43 

C.  MLAPP 

0 

0 

3 

0 

1 

0 

0 

0 

0 

exp. 

0.48 

0.22 

0.41 

0.00 

1.43 

0.58 

0.45 

0.19 

2.10 

D.  STILT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.89 

0.41 

0.75 

0.00 

2.63 

1.06 

0.82 

0.34 

3.85 

E.  PRONE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

F.  LGCLP 

0 

0 

0 

0 

0 

4 

0 

4 

0 

exp. 

3.14 

1.45 

2.66 

0.00 

9.31 

3.75 

2.90 

1.21 

13.67 

G.  MLLGFRN 

0 

0 

0 

0 

0 

0 

0 

0 

19 

exp. 

1.29 

0.60 

1.09 

0.00 

3.82 

1.54 

1.19 

0.50 

5.61 

H.  CHASE 

0 

0 

0 

0 

11 

0 

0 

1 

0 

exp. 

0.85 

0.39 

0.72 

0.00 

2.51 

1.01 

0.78 

0.33 

3.68 

1.  MLJMP 

0 

0 

0 

0 

2 

0 

0 

0 

5 

exp. 

0.40 

0.19 

0.34 

0.00 

1.19 

0.48 

0.37 

0.16 

1.75 

J.  MNTCOP 

0 

0 

0 

0 

0 

0 

0 

0 

49 

exp. 

4.43 

2.05 

3.75 

0.00 

13.13 

5.29 

4.09 

1.71 

19.27 

K.  DISMNT 

1 

0 

0 

0 

13 

1 

0 

0 

14 

exp. 

2.66 

1.23 

2.25 

0.00 

7.86 

3.17 

2.46 

1.02 

11.56 

L.  MLRUNA 

0 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.64 

0.30 

0.55 

0.00 

1.91 

0.77 

0.60 

0.25 

2.80 

Female 

AA.  FEMVE 

17 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.69 

0.32 

0.56 

0.00 

2.03 

0.82 

0.63 

0.26 

2.98 

BB.  FEORNT 

1 

2 

13 

0 

13 

0 

0 

2 

0 

exp. 

2.22 

1.02 

1.88 

0.00 

6.57 

2.64 

2.05 

0.85 

9.64 

CC.  FEAPP 

5 

0 

1 

0 

11 

0 

0 

1 

0 

exp. 

1.09 

0.50 

0.92 

0.00 

3.22 

1.30 

1.00 

0.42 

4.73 

DD.  SETTLE 

0 

1 

0 

0 

10 

5 

0 

1 

1 

exp. 

1.37 

0.63 

1.16 

0.00 

4.06 

1.63 

1.27 

0.53 

5.96 

EE.  FELGFRNT 

0 

0 

0 

0 

1 

16 

0 

0 

21 

exp. 

1.57 

0.73 

1.33 

0.00 

4.66 

1.87 

1.45 

0.60 

6.83 

FF.  TAP 

0 

0 

0 

0 

1 

5 

0 

0 

4 

exp. 

0.44 

0.20 

0.36 

0.00 

1.31 

0.53 

0.41 

0.17 

1.93 

GG.  FEJMP 

1 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.20 

0.09 

0.17 

0.00 

0.60 

0.24 

0.19 

0.08 

0.88 

HH.  FERUNA 

1 

3 

0 

0 

9 

0 

24 

0 

0 

exp. 

1.06 

0.95 

1.74 

0.00 

6.09 

2.45 

1.90 

0.79 

8.93 

Total; 

26 

12 

22 

0 

77 

31 

24 

10 

113 

Frequency: 

0.04 

0.02 

0.03 

0.00 

0.12 

0.05 

0.04 

0.02 

0.18 
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Table  I.™ Extended. 


Following  acts 


Tufted  male  Female 


K. 

DISMINT 

L. 

MLRU- 

NA 

BB. 

F1EOR- 

NT 

CC. 

FEAPP 

DD. 

SETTLE 

EE. 

FELGF^ 

RNT 

FF. 

TAP 

GG.  HH. 

FEJMP  FERUNA 

Row 

total 

Row 

chi 

square 

Tufted  male 

0 

0 

8 

0 

0 

0 

0 

0 

0 

8 

73.95 

0.76 

0.36 

0.69 

0.35 

0.41 

0.50 

0.17 

0.06 

0.79 

0 

0 

13 

1 

0 

0 

0 

0 

0 

31 

101.99 

2.93 

1.39 

2.69 

1.35 

1.59 

1.92 

0.67 

0.24 

3.08 

0 

0 

6 

1 

0 

0 

0 

0 

1 

12 

34.41 

1.13 

0.54 

1.04 

0.52 

0.61 

0.74 

0.26 

0.09 

1.19 

0 

0 

6 

6 

7 

0 

0 

1 

2 

22 

62.12 

2.08 

0.99 

1.91 

0.96 

1.13 

1.36 

0.48 

0.17 

2.18 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 

0 

15 

3 

12 

16 

7 

1 

16 

78 

108.86 

7.38 

3.51 

6.77 

3.39 

3.99 

4.84 

1.69 

0.60 

7.74 

0 

0 

0 

0 

1 

10 

0 

0 

2 

32 

68.55 

3.03 

1.44 

2.78 

1.39 

1.64 

1.98 

0.69 

0.25 

3.18 

0 

0 

8 

0 

0 

0 

0 

0 

1 

21 

49.77 

1.99 

0.94 

1.82 

0.91 

1.07 

1.30 

0.46 

0.16 

2.08 

0 

0 

0 

0 

0 

1 

0 

0 

2 

10 

9.17 

0.95 

0.45 

0.87 

0.43 

0.51 

0.62 

0.22 

0.08 

0.99 

61 

0 

0 

0 

0 

0 

0 

0 

0 

110 

352.05 

10.40 

4.95 

9.55 

4.78 

5.63 

6.82 

2.39 

0.85 

10.91 

0 

12 

0 

0 

0 

1 

0 

0 

24 

66 

93.16 

6.24 

2.97 

5.73 

2.87 

3.38 

4.09 

1.43 

0.51 

6.55 

0 

0 

0 

3 

0 

0 

0 

2 

11 

16 

75.21 

1.51 

0.72 

1.39 

0.69 

0.82 

0.99 

0.35 

0.12 

1.59 

Female 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 

372.6 

1.61 

0.76 

1.48 

0.74 

0.87 

1.05 

0.37 

0.13 

1.69 

0 

0 

0 

11 

11 

0 

0 

0 

2 

55 

140.75 

5.20 

2.47 

4.78 

2.39 

2.81 

3.41 

1.19 

0.43 

5.46 

0 

2 

0 

0 

2 

3 

0 

0 

2 

27 

36.26 

2.55 

1.21 

2.34 

1.17 

1.38 

1.67 

0.59 

0.21 

2.68 

0 

0 

0 

2 

0 

7 

6 

1 

0 

34 

65.51 

3.22 

1.53 

2.95 

1.48 

1.74 

2.11 

0.74 

0.26 

3.37 

0 

0 

0 

0 

0 

0 

1 

0 

0 

39 

143.29 

3.69 

1.75 

3.39 

1.69 

2.00 

2.42 

0.85 

0.30 

3.87 

0 

0 

0 

1 

0 

0 

0 

0 

0 

11 

35.45 

1.04 

0.49 

0.96 

0.48 

0.56 

0.68 

0.24 

0.09 

1.09 

0 

1 

0 

0 

0 

2 

0 

0 

1 

5 

18.57 

0.47 

0.22 

0.43 

0.22 

0.26 

0.31 

0.11 

0.04 

0.50 

0 

14 

0 

0 

0 

0 

0 

0 

0 

51 

331.94 

4.82 

2.29 

4.43 

2.21 

2.61 

3.16 

1.11 

0.40 

5.06 

61 

29 

56 

28 

33 

40 

14 

5 

64 

645 

2173.61 

0.09 

0.04 

0.09 

0.04 

0.05 

0.06 

0.02 

0.01 

0.10 
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are  identical  during  another  portion  of  the  se- 
quence. 

Behavioral  observations  of  courtship  were 
conducted  to  elucidate  the  dramatic  differences 
in  male  morphology  and  behavior  of  the  two 
male  morphs  of  M.  inclemens.  In  order  to  quan- 
tify behavior  differences  between  the  morphs  and 
evaluate  female  responses,  the  motor  patterns 
unique  to  each  morph,  and  female  responses  to 
those  patterns,  were  analyzed  using  transition 
probability  matrix  methods. 

METHODS 

Immature  and  mature  male  and  female  M. 
inclemens  were  captured  at  several  field  sites  in 
the  local  Cincinnati,  Ohio  (Hamilton  County) 
area  by  hand  and  sweep  net  during  the  spring 
breeding  season  beginning  in  the  early  part  of 
May  (1988  through  1991).  Spiders  were  main- 
tained in  the  lab  and  housed  in  rectangular  plastic 
containers,  measuring  13  cm  (1)  x 7 cm  (w)  x 
7 cm  (h).  A diet  of  domestic  crickets  (Acheta 
domesticus)  and  fruit  flies  {Drosophila  sp.)  was 
provided  on  a weekly  basis,  and  water  was  avail- 
able ad  libitum. 

Courtship  behavior  was  observed  in  a rect- 
angular arena  constructed  of  plastic,  measuring 
18  cm  (1)  X 13  cm  (w)  x 4 cm  (h).  The  inner 
sides  were  lightly  coated  with  petroleum  jelly  to 
keep  the  spiders  from  climbing  out.  Females  were 
placed  into  the  arena  first  and  after  a short  ac- 
climation period,  the  male  was  introduced  at  the 
opposite  end.  Each  female  was  randomly  paired 
with  an  individual  male  (A^  = 9 1 females;  with 
« = 48  tufted  males;  and  « = 43  gray  males)  and 
tested  once  for  response  to  male  courtship.  For 
transition  matrix  analysis,  only  those  pairings 
that  ended  with  copulation  were  used  {n  = 30 
tufted;  n = 24  gray). 

Each  courtship  episode  was  videotaped  using 
a JVC  GX-N8  video  camera  and  a JVC  HRS- 
1 0 1 VHS  format  video  cassette  recorder.  For  each 
of  the  male-female  pairings,  a behavior  sequence 
of  preceding  and  following  acts  was  recorded  from 
videotape.  In  this  manner,  the  communication 
of  sexual  receptivity  behavior  by  the  female  to 
the  male  could  be  ascertained  and  differences 
between  the  males  could  be  determined. 

Male  behaviors.— Following  are  the  important 
male  behaviors:  MOVE  (MLMVE):  walking  or 
swiveling  before  orienting  to  the  female;  ORI- 
ENT (MLORNT):  swivel  and  alignment  of  the 
anterior  median  eyes  toward  a source  of  move- 


ment; APPROACH  (MLAPP):  directed  walk  to- 
ward the  female,  no  leg  or  body  posturing;  STILT : 
stationary  display  in  which  the  male  stands  up 
with  the  body  off  of  the  substratum.  The  abdo- 
men is  bent  with  the  tip  pointed  toward  the  sub- 
stratum, and  the  first  pair  of  legs  is  held  above 
the  cephalothorax  and  waved  vigorously  lateral 
to  medial  and  then  medial  to  lateral.  The  palps 
are  held  with  the  tips  toward  the  substratum  and 
are  waved  in  an  up  and  down  pattern.  Intermit- 
tently, the  male  stands  motionless  with  the  legs 
outstretched  and  held  above  the  cephalothorax 
(Fig.  la;  PRONE:  male  lowers  the  body  to  the 
substratum  with  the  femurs  held  at  90°  angles  to 
the  body  and  legs  I & II  pointed  directly  forward 
so  that  the  tips  overlap.  After  assuming  this  po- 
sition, the  male  moves  in  a side  to  side  semicir- 
cular motion  (Fig.  lb);  LEG  CLAP  (LGCLP): 
clapping  legs  I together  5-8  times/sec  while  zig- 
zag dancing  toward  the  female  along  her  medial 
axis  (Fig.  2);  LEG  FRONTAL  (MLLGFRNT): 
first  pair  of  legs  are  out-stretched  and  moved 
toward  another  spider,  often  touching  the  first 
pair  of  legs  of  the  other  individual;  CHASE:  run- 
ning after  a fleeing  individual;  JUMP  (MLJMP): 
short  leaps  directed  toward  the  other  spider; 
MOUNT  AND  COPULATE  (MNTCOP):  male 
climbs  over  the  cephalothorax  of  the  female  and 
lifts  her  abdomen  to  the  side  to  allow  insertion 
and  sperm  introduction;  DISMOUNT 
(DISMNT):  male  uncouples  with  the  female  and 
backs  off  of  her  cephalothorax;  MALE  RUN 
AWAY  (MLRNAW):  turn  and  run  quickly  in 
the  opposite  direction  of  the  other  individual. 

Female  behaviors.— Following  are  important 
female  behaviors:  FEMALE  MOVE  (FEMVE): 
same  as  described  for  male;  FEMALE  ORIENT 
(FEORNT):  same  as  described  for  male;  FE- 
MALE APPROACH  (FEAPP):  same  as  de- 
scribed for  male;  SETTLE:  body  is  lowered  to 
the  substratum  with  legs  I held  to  the  front  and 
directed  toward  the  male;  FEMALE  LEG 
FRONTAL  (FELGFRNT):  same  as  described  for 
the  male;  TAP:  legs  I are  drummed  rapidly  on 
the  substratum  in  a short  burst;  FEMALE  JUMP 
(FEJMP):  same  as  described  for  the  male;  FE- 
MALE RUN  AWAY  (FERNAW):  same  as  de- 
scribed for  the  male. 

Transition  matrix  analysis.— Methods  used  to 
analyze  preceding  and  following  act  behavior  re- 
sponses by  male  and  female  M.  inclemens  were 
adopted  from  Dingle  (1969),  Baylis  (1976)  and 
Nossek  & Rovner  (1984).  Preceding  and  follow- 
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ing  behavioral  events  were  organized  into  a tran- 
sition probability  matrix,  in  which  each  cell  rep- 
resents the  total  acts  of  behavior  j following 
behavior  L The  percent  (P^)  for  each  transition 
can  be  calculated  by  dividing  total  acts  of  be- 
havior (/)  by  the  corresponding  row  total.  Ex- 
pected values  for  each  cell  were  calculated  by 
multiplying  the  column  frequency  by  corre- 
sponding row  total  (example  from  Table  1:  col- 
umn frequency  for  B.  MLORNT  = 0.04;  row 
total  for  A.  MLMVE  = 8;  expected  for  cell 
MLMVE/MLORNT  - 0.04  x 8 x 0.32,  etc.). 
Using  the  Yates’  correction  for  estimating  the 
individual  values  for  each  cell  in  a row,  the 
total  row  value  (with  df  = 11)  could  be  gen- 
erated (Tables  1 and  2).  The  sum  of  the  row  x^ 
values  is  equal  to  the  x^  value  for  the  entire  ma- 
trix. 

From  the  transition  matrices,  it  was  necessary 
to  determine  which  of  the  dyads  in  a row  were 
significant.  To  be  conservative,  only  those  rows 
with  x^  values  greater  than  34  (i.  e.,  significant 
at  the  0.0 1 level)  were  considered  in  this  analysis. 
Because  it  is  incorrect  to  assign  a statistical  value 
to  an  individual  cell  with  0df,a  modified  x^  value 
with  1 df  was  generated  for  each  cell  in  an  ana- 
lyzed row.  The  equation  for  this  cell  x^  value  is 
as  follows: 

Equation  (1) 

(dOB  - EX|)  - 0.5)2 
EX 

(((IGT-OBi)-(IGT-EXI))- 0.5)2 
(GT  - EX) 

Where:  OB  = Cell  Observed  Value;  EX  = Cell 

Expected  Value;  GT  = Matrix  Grand  Total 

RESULTS 

There  was  a total  of  9 1 female/male  pairings; 
48  with  tufted  males  and  43  with  gray  males.  Of 
these  pairings,  females  copulated  with  30  tufted 
males  or  63%  of  the  trials  (in  37%  of  the  trials 
copulation  was  not  observed)  and  females  cop- 
ulated with  24  gray  males  or  55%  of  the  trials 
(in  45%  of  the  trials  copulation  was  not  ob- 
served). There  was  not  a significant  difference  in 
copulation  frequencies  between  male  morphs 
(Yate’s  corrected  x^  = 0.188;  1;  P > 0.50). 

Only  those  pairings  that  ended  with  copulation 
were  used  in  the  transition  matrix  analysis  (n  = 
30  tufted  morph;  n = 24  gray  morph). 


For  tufted  male  courtship  behavior,  the  acts 
preceding  were  not  independent  of  the  acts  fol- 
lowing (x"  = 2173.61;  323;  P < 0.001;  n = 

30;  Table  1).  Similarly  for  gray  male  courtship 
behavior,  the  acts  preceding  were  not  indepen- 
dent of  the  acts  following  a behavior  (x^  = 
1695.01;  df=  323;  P < 0.001;  n = 24;  Table  2). 

By  estimating  the  x^  value  for  each  cell  of  the 
matrix  according  to  equation  (1),  significant  dy- 
ads could  be  extracted.  The  following  acts  which 
significantly  facilitate  (i.  e.,  greater  than  expect- 
ed) and  inhibit  (i.  e.,  less  than  expected)  a pre- 
ceding act  at  the  0.01  level  with  1 degree  of  free- 
dom were  compared  for  each  male  morph  (Table 
3).  The  major  difference  in  male  response  to  fe- 
male was  the  STILT  behavior  of  the  tufted  male 
and  the  PRONE  behavior  of  the  gray  male.  While 
females  oriented  to  the  STILT  display  of  the  tuft- 
ed morph  more  often,  note  that  the  effect  of 
STILT  and  PRONE  on  female  response  was  sim- 
ilar for  both  males  (i.  e.,  the  female  either  ap- 
proached the  male  or  settled).  There  was  a great 
deal  of  overlap  in  all  other  behaviors  for  males 
in  response  to  the  female.  However,  tufted  males 
appear  to  facilitate  more  female  behaviors  with 
the  leg  clapping  (LGCLP)  behavior  than  the  gray 
male  and  females  were  more  likely  to  approach 
(FEAPP)  or  settle  (SETTLE)  after  orienting  to 
the  tufted  male.  Importantly,  the  behaviors  con- 
sidered to  be  signals  of  female  receptivity  (i.  e., 
approach  and  settle,  leg  frontal  or  tap)  were  pro- 
duced by  females  similarly  in  response  to  both 
male  types. 

The  matrices  of  male  courtship  behavior  were 
then  compared  with  each  other  to  determine  if 
males  were  responding  differently  to  females  and 
if  there  was  a difference  in  female  response  to 
male  courtship  behavior.  Matrices  were  com- 
pared by  using  the  column  totals  in  a chi  square 
analysis.  When  STILT  and  PRONE  were  in- 
cluded in  the  analysis  as  separate  behaviors,  there 
was  a significant  difference  between  the  two  male 
matrixes  (x"  = 58.45;  df  - 11;  P < 0.01).  How- 
ever, when  STILT  and  PRONE  were  combined 
into  one  category,  as  Phase  I,  there  was  no  sig- 
nificant difference  between  males  (x^  = 13.88; 

= 11;  P>  0.50). 

An  additional  comparison  of  the  two  male 
courtship  behavior  matrices  was  made  by  com- 
paring the  observed  values  of  one  male  morph 
using  the  transition  probabilities  of  the  other  male 
type  to  generate  expected  values  (see  Baylis  1976). 
Transition  probabilities  for  each  preceding  and 
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Table  2. —Gray  morph  transition  matrix  {n  = 24  Gray  males).  Column  of  letters  (far  left)  represents  the 
corresponding  behavior  (e.g.,  A = MLMVE;  BB  = FEORNT,  etc.).  Top  number  in  a row  is  the  observed  value 
and  the  bottom  number  is  the  expected  value.  Row  Chi  Square  values  are  given  in  the  far  right  column. 


Following  acts 


Gray  male 


Preceding 

acts 

B. 

MLOR-= 

NT 

C. 

MLAPP 

D. 

STILT 

E. 

PRONE 

F. 

LGCLP 

G. 

MLLG- 

FRN 

H.  I.  J. 

CHASE  MLJMP  MNTCOP 

Gray  male 

A.  MLMVE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.13 

0.07 

0.00 

0.14 

0.25 

0.10 

0.12 

0.10 

0.61 

B.  MLORNT 

0 

5 

0 

4 

2 

0 

0 

0 

0 

exp. 

0.86 

0.45 

0.00 

0.95 

1.68 

0.68 

0.82 

0.64 

4.05 

C.  MLAPP 

0 

0 

0 

2 

0 

0 

0 

1 

0 

exp. 

0.43 

0.23 

0.00 

0.48 

0.84 

0.34 

0.41 

0.32 

2.02 

D.  STILT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

E.  PRONE 

0 

0 

0 

0 

2 

0 

0 

0 

0 

exp. 

0.95 

0.50 

0.00 

1.05 

1.85 

0.75 

0.90 

0.70 

4.45 

F.  LGCLP 

0 

0 

0 

0 

0 

2 

0 

7 

0 

exp. 

1.68 

0.89 

0.00 

1.86 

3.28 

1.33 

1.60 

1.24 

7.89 

G.  MLLGFRN 

0 

0 

0 

0 

0 

0 

0 

0 

12 

exp. 

0.65 

0.34 

0.00 

0.72 

1.26 

0.51 

0.61 

0.48 

3.03 

H.  CHASE 

0 

0 

0 

1 

5 

0 

0 

0 

0 

exp. 

0.56 

0.30 

0.00 

0.62 

1.09 

0.44 

0.53 

0.41 

2.63 

1.  MLJMP 

0 

0 

0 

0 

0 

0 

0 

0 

9 

exp. 

0.56 

0.30 

0.00 

0.62 

1.09 

0.44 

0.53 

0.41 

2.63 

J.  MNTCOP 

0 

0 

0 

0 

0 

0 

0 

0 

38 

exp. 

3.84 

2.02 

0.00 

4.25 

7.48 

3.03 

3.64 

2.83 

18.00 

K.  DISMNT 

0 

0 

0 

2 

11 

0 

0 

0 

12 

exp. 

2.33 

1.23 

0.00 

2.58 

4.54 

1.84 

2.21 

1.72 

10.92 

L.  MLRUNA 

0 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.56 

0.30 

0.00 

0.62 

1.09 

0.44 

0.53 

0.41 

2.63 

Female 

AA.  FEMVE 

17 

0 

0 

0 

0 

0 

0 

0 

0 

exp. 

0.73 

0.39 

0.00 

0.81 

1.43 

0.58 

0.70 

0.54 

3.44 

BB.  FEORNT 

1 

5 

0 

10 

9 

0 

1 

1 

0 

exp. 

1.38 

0.73 

0.00 

1.53 

2.69 

1.09 

1.31 

1.02 

6.47 

CC.  FEAPP 

1 

0 

0 

2 

0 

1 

0 

1 

0 

exp. 

0.65 

0.34 

0.00 

0.72 

1.26 

0.51 

0.61 

0.48 

3.03 

DD.  SETTLE 

0 

0 

0 

0 

1 

2 

0 

0 

2 

exp. 

0.78 

0.41 

0.00 

0.86 

1.51 

0.61 

0.74 

0.57 

3.64 

EE.  FELGFRNT 

0 

0 

0 

0 

1 

7 

0 

2 

16 

exp. 

1.17 

0.61 

0.00 

1.29 

2.27 

0.92 

1.10 

0.86 

5.46 

FF.  TAP 

0 

0 

0 

0 

2 

3 

0 

1 

0 

exp. 

0.39 

0.20 

0.00 

0.43 

0.76 

0.31 

0.37 

0.29 

1.82 

GG.  FEJMP 

0 

0 

0 

0 

2 

0 

0 

0 

0 

exp. 

0.13 

0.07 

0.00 

0.14 

0.25 

0.10 

0,12 

0.10 

0.61 

HH.  FERUNA 

0 

0 

0 

0 

2 

0 

17 

1 

0 

exp. 

1.21 

0.64 

0.00 

1.34 

2.35 

0.95 

1.15 

0.89 

5.66 

Total: 

19 

10 

0 

21 

37 

15 

18 

14 

89 

Frequency: 

0.04 

0.02 

0.00 

0.05 

0.08 

0.03 

0.04 

0.03 

0.20 
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Table  2.™ Extended. 


Following  acts 


Gray  male  Female 


K. 

DISMNT 

L. 

MLRU- 

NA 

BB. 

FEOR- 

NT 

cc. 

FEAPP 

DD. 

SETTLE 

EE. 

FELGF- 

RNT 

FF. 

TAP 

GG. 

FEJMP 

HH. 

FER- 

UNA 

Row 

total 

Row 

chi 

square 

Gray  male 

0 

0 

3 

0 

0 

0 

0 

0 

0 

3 

53.12 

0.35 

0.14 

0.20 

0.11 

0.12 

0.18 

0.08 

0.02 

0.28 

0 

0 

9 

0 

0 

0 

0 

0 

0 

20 

87.83 

2.32 

0.95 

1.36 

0.73 

0.77 

1.23 

0.50 

0.14 

1.86 

0 

0 

4 

1 

1 

0 

0 

1 

0 

10 

19.33 

1.16 

0.48 

0.68 

0.36 

0.39 

0.61 

0.25 

0.07 

0.93 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 

0 

1 

8 

6 

0 

2 

0 

3 

22 

90.97 

2.55 

1.05 

1.50 

0.80 

0.85 

1.35 

0.55 

0.15 

2.05 

0 

0 

3 

2 

6 

12 

1 

0 

6 

39 

85.55 

4.52 

1.86 

2.66 

1.42 

1.51 

2.39 

0.98 

0.27 

3.63 

0 

0 

0 

0 

0 

3 

0 

0 

0 

15 

30.38 

1.74 

0.72 

1.02 

0.55 

0.58 

0.92 

0.38 

0.10 

1.40 

0 

0 

7 

0 

0 

0 

0 

0 

0 

13 

51.32 

1.51 

0.62 

0.89 

0.47 

0.50 

0.80 

0.33 

0.09 

1.21 

0 

0 

1 

0 

1 

0 

0 

0 

2 

13 

16.68 

1.51 

0.62 

0.89 

0.47 

0.50 

0.80 

0.33 

0.09 

1.21 

51 

0 

0 

0 

0 

0 

0 

0 

0 

89 

224.7 

10.32 

4.25 

6.07 

3.24 

3.44 

5.46 

2.23 

0.61 

8.29 

0 

12 

0 

0 

0 

1 

0 

0 

16 

54 

77.48 

6.26 

2.58 

3.68 

1.96 

2.09 

3.31 

1.35 

0.37 

5.03 

0 

0 

2 

0 

0 

0 

0 

0 

11 

13 

76.71 

1.51 

0.62 

0.89 

0.47 

0.50 

0.80 

0.33 

0.09 

1.21 

Female 

0 

0 

0 

0 

0 

0 

0 

0 

0 

17 

345.9 

1.97 

0.81 

1.16 

0.62 

0.66 

1.04 

0.43 

0.12 

1.58 

0 

0 

0 

3 

0 

0 

0 

0 

2 

32 

88.21 

3.71 

1.53 

2.18 

1.16 

1.24 

1.96 

0.80 

0.22 

2.98 

0 

0 

0 

0 

2 

4 

3 

1 

0 

15 

27.64 

1.74 

0.72 

1.02 

0.55 

0.58 

0.92 

0.38 

0.10 

1.40 

0 

0 

0 

2 

0 

4 

5 

1 

1 

18 

47.75 

2.09 

0.86 

1.23 

0.65 

0.70 

1.10 

0.45 

0.12 

1.68 

0 

0 

0 

0 

1 

0 

0 

0 

0 

27 

61.34 

3.13 

1.29 

1.84 

0.98 

1.04 

1.66 

0.68 

0.18 

2.52 

0 

0 

0 

0 

0 

3 

0 

0 

0 

9 

28.99 

1.04 

0.43 

0.61 

0.33 

0.35 

0.55 

0.23 

0.06 

0.84 

0 

1 

0 

0 

0 

0 

0 

0 

0 

3 

33.72 

0.35 

0.14 

0.20 

0.11 

0.12 

0.18 

0.08 

0.02 

0.28 

0 

8 

0 

0 

0 

0 

0 

0 

0 

28 

247.39 

3.25 

1.34 

1.91 

1.02 

1.08 

1.72 

0.70 

0.19 

2.61 

51 

21 

30 

16 

17 

27 

11 

3 

41 

440 

1695.01 

0.12 

0.05 

0.07 

0.04 

0.04 

0.06 

0.03 

0.01 

0.09 
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Table  3.— A comparison  of  preceding  behaviors  that  significantly  facilitate  (observed  value  greater  than 
expected)  or  inhibit  (observe  value  less  than  expected)  the  following  behaviors.  Column  of  letters  (far  left) 
represents  the  corresponding  behavior  (e.g.,  A = MLMVE;  BB  = FEORNT,  etc.).  Chi  square  analysis:  df  = 1 
for  each  dyad;  F < 0.01. 


Tufted  Gray 


Behavior 

Facilitates 

Inhibits 

Facilitates 

Inhibits 

Male 

A.  MLMVE 

BB 

BB 

B.  MLORNT 

C,  D,  BB 

C,  E,  BB 

C.  MLAPP 

D,  BB 

BB 

D.  STILT 

BB,  CC,  DD 

E.  PRONE 

CC,  DD 

F.  LGCLP 

BB,  DD,  EE,  FF,  HH 

F,  J 

I,  DD,  EE 

J 

G.  MLLGFRN 

J,  EE 

J 

H.  CHASE 

F,  BB 

F,  BB 

1.  MLJMP 

♦*♦♦♦*** 

J.  MNTCOP 

J,  K 

F,  BB,  HH 

J,K 

F,  HH 

K.  DISMNT 

L,  HH 

F,  L,  HH 

L.  MLRUNA 

GG,  HH 

HH 

Female 

AA.  FEMVE 

B 

B 

BB.  FEORNT 

D,  CC,  DD 

J 

C,  E,  F 

CC.  FEAPP 

B,  F 

EE,  FF 

DD.  SETTLE 

F,  EE,  FF 

EE,  FF 

EE.  FELGFRNT 

G,  J 

G,  J 

FF.  TAP 

G 

G,  EE 

GG.  FEJMP 

HH.  FERUNA 

H,  L 

J 

H,  L 

following  act  were  calculated  by  dividing  the  ob- 
served frequency  for  each  cell  in  a row  by  its 
corresponding  row  total  (example  calculated  from 
Table  1 cell  A.  MLMVE  / BB.  FEORNT  the 
transition  probability  =8/8=1 .00  etc.).  By  this 
analysis,  using  the  observed  values  of  the  tufted 
male,  and  the  transition  probabilities  of  the  gray 
male  to  generate  the  expected,  there  was  no  sig- 
nificant difference  between  observed  and  ex- 
pected values  (x^  = 151.23;  df  = 323;  P > 0.5) 
for  the  matrix.  The  behaviors  that  resulted  in 
significantly  greater  and  fewer  acts  for  the  tufted 
male  compared  to  the  gray  male  are  shown  in 
Table  4a.  When  tufted  males  performed  the  leg 
clapping  behavior,  females  oriented  and  dis- 
played a greater  number  of  tap  displays  to  them 
than  to  the  gray  morph.  Furthermore,  females 
responded  to  tufted  morph  leg  clapping  with  more 
settle  displays  than  to  the  gray  male.  Addition- 
ally, after  a female  oriented,  the  tufted  male  re- 
sponded with  fewer  PRONE  displays  than  the 
gray  male.  Likewise,  using  the  observed  values 
of  the  gray  male  compared  to  the  expected  values 


generated  by  the  transition  probabilities  of  the 
tufted  male,  there  was  no  significant  difference 
between  the  males  (x^  = 74.61;  <^=  \1\P>  0.5). 
The  acts  that  were  greater  and  fewer  for  the  gray 
male  over  the  tufted  male  are  shown  in  Table  6. 
After  the  female  oriented,  gray  males  approached 
the  female  more  often  than  the  tufted  male.  Ad- 
ditionally, the  gray  male  responded  to  the  female 
with  fewer  STILT  displays  than  the  tufted  male. 

As  a final  analysis  and  comparison  of  the 
courtship  behavior  of  the  two  male  morphs,  fre- 
quency diagrams  were  constructed  showing  the 
transition  probability  from  one  behavior  to  the 
next  (Fig.  3).  For  these  diagrams,  behaviors  were 
sorted  into  discrete  categories  where  [a]  Phase  I 
represents  the  initial  phase  of  courtship  (i.  e.,  the 
males  are  some  distance  from  the  female)  and 
the  diagnostic  behaviors  were  STILT  for  the  tuft- 
ed male  and  PRONE  for  the  gray  male,  [b]  Phase 
II  represents  male  distance  reducing  behaviors 
(i.  e.,  male  approaches  the  female)  and  the  di- 
agnostic behavior  was  the  LEG  CLAP  display, 
[c]  Receptivity  behaviors  were  discrete  signals 
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by  the  female  to  the  male  that  were  followed  by 
Phase  II  or  Copulatory  behaviors,  [d]  Copulatory 
behaviors  involved  male  and  female  coupling, 
and  [e]  Postcopulatory  behaviors  were  those  that 
occurred  after  the  male  and  female  coupled. 

Comparing  the  two  diagrams,  the  frequency 
diagram  of  tufted  male  (Fig.  3a)  shows  more 
complexity  in  behaviors  related  to  Phase  II 
courtship  than  that  of  the  gray  male.  However, 
the  overall  trend  in  the  behavior  sequences  was 
similar  for  the  two  different  male  morphs. 

DISCUSSION 

The  behavior  patterns  exhibited  by  M.  incle- 
mens  were,  in  general,  similar  to  those  described 
for  other  jumping  spider  species  (Crane  1949; 
Cutler  1988;  Forster  1982;  Jackson  1977a,  1977b, 
1981a,  1981b,  1982).  The  courtship  sequence  of 
most  jumping  spiders  can  be  subdivided  into 
three  stages  or  phases  (see  Forster  1 982).  In  Phase 
I,  the  males  attract  the  attention  of  the  female 
and  species  identification  takes  place.  After  spe- 
cies identification,  females  indicate  acceptance 
(often  by  simply  remaining  motionless)  and  males 
approach  the  female  (Phase  II).  Finally,  in  Phase 
III,  males  mount  the  female  and  they  copulate, 
after  which  the  male  dismounts  and  the  two  in- 
dividuals uncouple.  The  behaviors  reported  in 
the  frequency  diagrams  (Fig.  3)  fit  this  general 
model  for  salticid  courtship  behavior. 

Unlike  many  salticid  species  where  females 
indicate  receptivity  by  remaining  stationary 
(Crane  1949;  Forster  1982),  female M.  inclemens 
respond  to  male  courtship  behavior  with  a visual 
receptivity  display  that  may  take  several  forms 
or  indicate  relative  willingness  to  mate.  Females 
may  indicate  receptivity  by  simply  approaching 
the  male.  However,  the  approach  is  typically  fol- 
lowed by  settling,  and  tapping  legs  I rapidly  on 
the  substratum  or  leg  frontals  toward  the  male. 
Often  there  is  body  posturing  and  repositioning 
where  the  female  tips  her  abdomen  from  side  to 
side.  All  of  these  behaviors  may  be  performed 
during  the  courtship  sequence,  although  gener- 
ally only  one  of  the  above  responses  is  sufficient 
as  a signal  for  the  male  to  mount  and  copulate. 
Indeed,  females  that  gave  the  tap  display  to  the 
courting  male  were  observed  to  mate  100%  of 
the  time. 

While  the  overall  sequence  of  courtship  be- 
havior does  not  appear  to  differ  between  the  two 
male  morphs,  including  behaviors  unique  to  each 
morph  (i.  e.,  STILT  and  PRONE)  does  result  in 


Table  4. —A  comparison  of  preceding-following  event 
pairs  with:  (a)  Tufted  morph  as  observed  and  using  the 
observed  frequencies  of  the  Gray  morph  to  calculate 
expected  values;  and  (b)  Gray  morph  as  observed  and 
using  the  observed  frequencies  of  the  Tufted  morph  to 
calculate  expected  values.  Column  of  letters  (far  left) 
represents  the  corresponding  behavior  (e.g.,  A = 
MLMVE;  BB  = FEORNT,  etc.).  Chi  square  analysis: 
#=  1 for  each  dyad;  F < 0,0 1 . * Chi  square  =151 .23; 
df=  323;  P > 0.1.  t Chi  square  = 74.61;  df=  323;  P 
> 0.1. 


(a)  Tufted  as 
observed* 

(b)  Gray 

as 

observedt 

Behavior 

Few- 

Greater  er 

Great-  Few- 
er er 

Male 

A.  MLMVE 

B.  MLORNT 

C.  MLAPP 

D.  STILT 

E.  PRONE 

F.  LGCLP 

BB,  FF 

G.  MLLGFRN 

H.  CHASE 

L MLJMP 

J.  MNTCOP 

K.  DISMNT 

L.  MLRUNA 

Female 

AA.  FEMVE 

BB.  FEORNT 

E 

C D 

CC.  FEAPP 

DD.  SETTLE 

F 

EE.  FELGFRNT 
FF.  TAP 

GG.  FEJMP 

HH.  FERUNA 

statistically  significant  differences  between  male 
morphs.  In  the  initial  phase  of  courtship  (Phase 
I),  the  STILT  display  was  used  exclusively  by 
tufted  males  and  the  PRONE  display  was  used 
exclusively  by  gray  males.  Each  of  these  unique 
Phase  I behaviors  was  diagnostic  of  the  morph 
and  genetically  linked  to  the  morphology  of  the 
male  (Clark  1992).  Ultimately,  the  information 
conveyed  to  the  female  by  the  STILT  and  PRONE 
displays  was  similar;  both  displays  cause  females 
to  either  approach  the  male  or  settle.  Conse- 
quently, each  display,  while  unique,  appears  to 
transmit  species  specific  (and  morph  specific)  in- 
formation to  the  female.  After  receiving  a sexual 
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Figure  3a.— Sequence  diagrams  of  male  courtship  behavior  of  the  tufted  morph  of  Maevia  inclemens.  Numbers 
indicate  the  percent  each  transition  from  one  behavior  to  the  next  occurred. 
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GRAY  MALE 


n Phase  I 

Phase  li 

Receptivity 

Copulatory 

Postcopulatory 

P <0.05 
P <0.01 
All  other  lines 
P < 0.001 

Figure  3b.— Sequence  diagrams  of  male  courtship  behavior  of  the  gray  morph  of  Maevia  indemens.  Numbers 
indicate  the  percent  each  transition  from  one  behavior  to  the  next  occurred. 
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receptivity  display  from  the  female,  each  morph 
typically  ceases  Phase  I display  and  starts  leg 
clapping  and  zig-zag  dancing  (Phase  II).  This 
Phase  II  behavior  typically  leads  to  leg  frontal 
displays  by  the  female  and  is  typically  followed 
by  leg  frontals  by  the  male.  Finally  the  male 
mounts  and  copulates  with  the  female,  after  which 
the  male  dismounts  and  the  two  individuals  typ- 
ically run  away  from  each  other  (Phase  III).  Vari- 
ations on  this  theme  do  occur,  and  the  male  may 
sometimes  chase  the  female  and  attempt  to  cop- 
ulate with  her  again. 

From  the  observations  reported  here  it  seems 
that  Peckham  & Peckham  (1889)  were  incorrect 
in  their  description  of  the  gray  morph  courtship 
behavior.  However,  it  is  also  possible  that  the 
specimens  observed  by  Peckham  & Peckham 
represent  some  geographical  variant  of  this  spe- 
cies. Results  from  this  study  support  Painter’s 
(1913)  observation  that  gray  morphs  do  not  as- 
sume an  upright  posture  in  the  context  of  court- 
ship. While  it  is  difficult  to  know  the  context  of 
the  gray  morph  display  that  the  Peckhams  de- 
scribed, it  is  possible  that  they  mistakenly  de- 
scribed a male  threat  display  (Clark  1992)  in- 
stead of  a courtship  display.  Additionally,  earlier 
descriptions  by  Peckham  & Peckham  (1889)  and 
Painter  (1913)  did  not  comment  on  the  presence 
of  leg  clapping  behavior  by  tufted  males.  Results 
presented  here  indicate  that  tufted  males  were  as 
likely  to  perform  leg  clapping  behavior  in  the 
same  context  as  the  gray  males.  Indeed,  both 
males  typically  performed  this  behavior  after 
Phase  I and  when  approaching  the  female.  Fur- 
thermore, males  rarely  reverse  the  order  of  Phase 
I and  Phase  II  motor  patterns. 

Little  is  known  about  the  evolution  of  male 
dimorphism  within  this  species.  Peckham  & 
Peckham  (1889)  suggested  that  the  gray  morph 
was  the  primitive  or  ancestral  form  and  that  the 
tufted  morph  was  the  more  recently  evolved 
morph.  W.  Maddison  (pers.  comm.)  also  con- 
tends that  the  gray  morph  is  likely  to  be  the 
ancestral  form  based  on  a species  comparison  of 
the  genus  Maevia  and  the  developmental  pat- 
terns of  M.  inclemens  (all  juveniles  resemble  the 
gray  morph  until  the  penultimate  molt;  Clark 
1992).  The  Peckhams  (1889)  hypothesized  that 
the  tufted  morph  evolved  by  sexual  selection 
through  female  mate  choice.  However,  Painter 
(1913)  conducted  experiments  to  determine  the 
extent  of  female  preference  and  found  that  fe- 
males do  not  show  a preference  for  the  tufted 
males.  Additionally,  using  videotaped  sequences 


of  male  courtship  behavior,  Clark  & Uetz  (1992) 
determined  that  female  mate  choice  depends  on 
the  male  that  moves  first,  and  this  was  indepen- 
dent of  male  morphology. 

While  females  may  not  show  a mate  preference 
for  one  male  morph  over  the  other,  it  is  likely 
that  the  two  male  morphs  have  evolved  as  al- 
ternative reproductive  strategies,  where  the  func- 
tion of  the  Phase  I courtship  display  is  different 
for  each  morph.  Analysis  of  frequency  diagrams 
showed  that  tufted  males  used  the  STILT  display 
to  capture  the  attention  of  females  (as  demon- 
strated by  females  orienting  to  a stilting  tufted 
male).  This  may  serve  to  attract  female  attention 
from  greater  distances  as  Clark  & Uetz  (1993) 
recently  demonstrated  that  tufted  males  initiate 
courtship  an  average  of  86  mm  from  the  female 
(compared  to  the  gray  male  which  initiates  court- 
ship an  average  of  only  34  mm  from  the  female). 
The  courtship  distance  of  the  tufted  male  may 
also  account  for  greater  complexity  in  the  male 
to  female  interactions  related  to  distance  reduc- 
ing behaviors  (Phase  II),  as  shown  in  the  fre- 
quency diagrams. 

While  courtship  distance  and  complexity  may 
represent  a potential  cost  to  tufted  males  (i.  e., 
approaching  the  female  may  require  more  energy 
or  females  may  be  lost  from  view  more  frequent- 
ly), it  was  demonstrated  that  the  mating  success 
of  both  male  morphs  was  approximately  equal. 
This  suggests  that  the  costs  related  to  the  court- 
ship distance  of  the  tufted  morph  may  be  offset 
by  some,  as  yet,  unknown  selective  benefit.  As 
demonstrated  by  Clark  & Uetz  (1992),  attracting 
female  attention  first  had  a significant  positive 
effect  on  male  mating  success.  It  is  hypothesized 
that  tufted  males  may  simply  be  more  conspic- 
uous to  females  at  greater  distances  (by  using  the 
STILT  display)  and  they  exploit  a predisposed 
female  response  to  movement.  Furthermore,  the 
STILT  display  of  tufted  males  may  facilitate  con- 
trast against  cryptic  or  moving  backgrounds.  This 
hypothesis  is  supported  experimentally  by 
Fleishman  (1988),  who  demonstrated  foranoline 
lizards  that  displays  which  are  initially  rapid  and 
out  of  phase  with  background  movement  are  the 
most  efficient  at  attracting  attention  from  anoth- 
er individual.  The  rapid  leg  movements  of  the 
tufted  male  coupled  with  contrasting  black  and 
white  coloration  may  serve  a similar  purpose.  In 
contrast,  the  gray  male  does  not  use  the  PRONE 
display  to  capture  female  attention,  rather  it  is 
more  likely  to  approach  the  female  after  she  has 
oriented  and  then  it  assumes  this  posture.  The 
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Striking  colors  of  the  palps  may  function  as  a 
signal  that  differentiates  the  gray  male  from  a 
potential  prey  item  at  close  distances  to  the  fe- 
male. Future  studies  will  be  conducted  to  inves- 
tigate these  hypotheses. 
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POPULATION  STRUCTURE  IN  AN  INDIAN  COOPERATIVE 
SPIDER,  STEGODYPHUS  SARASINORUM  KARSCH  (ERESIDAE) 

Deborah  R.  Smith  and  Michael  S.  Engel'  Department  of  Entomology,  Haworth  Hall, 
University  of  Kansas,  Lawrence,  Kansas  66045  USA 

ABSTRACT.  Twenty-nine  colonies  of  a population  of  the  cooperative  spider  Stegodyphus  sarasinorum  Karsch 
(Eresidae),  from  two  sites  in  Bangalore,  Karnataka  State,  India,  were  examined  using  protein  allozyme  electro- 
phoresis. Thirty-five  enzyme  systems  were  examined.  Twenty-two  enzymes  (the  products  of  25  putative  loci) 
gave  scorable  results.  Lactate  dehydrogenase  (LDH)  and  glucose-6-phosphate  dehydrogenase  (G6PDH)  were 
polymorphic  with  two  alleles  each;  hexokinase  exhibited  uninterpretable  variation.  The  rest  were  monomorphic. 
One  LDH  allele  was  found  at  only  one  of  two  collection  sites,  and  one  G6PDH  allele  was  found  only  at  the 
other  collection  site.  The  pattern  of  variation  in  S,  sarasinorum  is  similar  to  that  found  in  three  other  studies 


of  cooperative  spiders:  extreme  population  subdivision, 

Stegodyphus  sarasinorum  Karsch  ( 1 89 1 ) is  one 
of  three  permanently  cooperative  species  in  the 
genus  Stegodyphus  (Kraus  & Kraus  1 988).  S.  sar- 
asinorum has  been  found  in  India,  Sri  Lanka, 
Nepal  and  Afghanistan  (Kraus  & Kraus  1988). 
The  natural  history  of  5*.  sarasinorum  has  been 
investigated  by  Jambunathan  (1905),  Bradoo 
(1972,  1975,  1980),  Jacson  & Joseph  (1973),  and 
Kraus  & Kraus  (1988).  Individuals  live  in  large 
cooperatively  built  colonies  with  a nest  or  retreat 
constructed  of  silk  woven  together  with  leaves, 
twigs,  and  remains  of  food,  and  a sheet  web  for 
prey  capture  (Jacson  & Joseph  1973).  Prey  cap- 
ture is  also  a cooperative  effort  and  when  the 
prey  has  been  subdued  many  spiders  may  join 
in  the  feeding,  even  those  who  did  not  participate 
in  the  actual  prey  capture  activities  (Bradoo  1980). 
The  females  care  for  young  during  the  first  few 
instars  by  feeding  the  spiderlings  (Bradoo  1972). 
When  the  young  become  old  enough  they  begin 
capturing  their  own  prey  and  sometimes  feed 
upon  older  females  that  die  within  the  nest  (Bra- 
doo 1972),  Like  other  cooperative  spiders  (Pain 
1964;  Darchen  1967;  Jackson  & Smith  1978; 
Fowler  & Levi  1979;  Aviles  1986;  Rowell  & Main 
1992),  S.  sarasinorum  colonies  exhibit  strongly 
female-biased  sex  ratios  with  0.15  to  0,28  males 
for  every  female  (Jacson  & Joseph  1973).  These 
spiders  are  tolerant  of  individuals  from  other 
nests  (Kullman  1968),  and  migration  among  col- 
onies in  close  proximity  has  been  observed  (Bra- 
doo 1972). 

‘Current  address:  Dept,  of  Entomology,  Comstock 
Hall,  Cornell  University;  Ithaca,  New  York  14853  USA 


with  most  colonies  consisting  of  identical  homozygotes. 

Little  is  known  about  dispersal,  population 
structure  or  mating  in  S.  sarasinorum.  Another 
cooperative  species  of  Stegodyphus,  S.  mirno- 
sarum,  is  known  to  balloon  (Wickler  & Seibt 
1986).  Jambunathan  (1905)  and  Jacson  & Joseph 
(1973)  both  record  ballooning  by  immatures  of 
S.  sarasinorum,  but  this  has  not  been  examined 
to  determine  ballooning’s  importance  in  the  dis- 
persal or  colony  foundation  of  S.  sarasinorum. 
Bradoo  (1972)  reports  that  new  colonies  were 
established  by  spiderlings  that  left  the  main  col- 
ony to  form  daughter  colonies  connected  to  the 
mother  nest  by  common  web  sheets.  Bradoo 
( 1 980)  reports  that  new  colonies  were  also  formed 
by  gravid  females  who  had  left  the  original  nest 
and  formed  new  nests  in  which  to  keep  their 
cocoons. 

In  this  study  we  used  protein  allozyme  elec- 
trophoresis to  examine  genetic  variation  within 
and  among  colonies  of  S.  sarasinorum  collected 
from  two  sites  in  south  central  India. 

METHODS 

Collection* —Colonies  of  S.  sarasinorum  were 
collected  by  DRS  in  August,  1990  from  two  lo- 
calities in  Bangalore,  Karnataka  State,  India. 
Colonies  Al,  A2,  Bl,  B2  and  E were  collected 
from  the  campus  of  G.  K.  V.  K.  Agricultural 
University.  Spiders  from  colonies  Al  and  A2 
were  accidentally  allowed  to  travel  from  one  col- 
ony to  the  other  after  collection,  so  individuals 
from  Al  and  A2  were  scored  as  members  of  one 
colony.  Colonies  in  the  series  labeled  C and  D 
were  collected  from  the  grounds  of  the  Indian 
Institute  of  Science  (L  L S.).  Colonies  D4a  through 
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D4d  shared  capture  webs,  forming  a colony  clus- 
ter. Spiders  were  removed  from  the  colony  web- 
bing and  frozen  in  liquid  nitrogen.  Spiders  were 
stored  at  ” 80  ®C  until  they  were  used  in  allozyme 
studies. 

Electrophoresis.— Individual  spiders  were  as- 
sayed for  allozyme  variation  by  electrophoresis 
on  cellulose  acetate  plates  (Helena  Laboratories, 
Beaumont,  Texas).  Specimens  were  crushed  in 
100  111  of  extraction  buffer  (0.1  M tris,  pH  7.0, 
with  40  mg  EDTA,  20  mg  NAD,  10  mg  NADP, 
and  250  ^1  of  jS-mercaptoethanol  per  100  ml: 
Hagen  et  al.  1988).  Specimens  were  kept  chilled 
during  the  crushing  to  minimize  enzyme  degra- 
dation. Using  an  applicator  device  (Super-Z  Bar, 
Helena  Laboratories)  one  id  aliquots  from  each 
specimen  were  applied  to  cellulose  acetate  plates 
which  had  been  hydrated  by  soaking  in  running 
buffer  for  at  least  ten  min.  The  plate  was  then 
placed  in  a gel  rig  (Zip  Zone  Electrophoresis 
Chamber,  Helena  Laboratories)  and  a constant 
160  volts  was  applied  at  room  temperature  for 
35  min.  Five  running  buffers  (Richardson  et  al. 
1986)  were  tried  to  obtain  the  best  resolution  of 
the  protein  bands.  These  were:  1 0 mM  Na2HP04, 
2.5  mM  citric  acid,  pH  6.4  (“A”);  11.6  mM 
Na2HP04,  8.4  mM  NaH2P04,  pH  7.0  (“B”);  50 
mM  tris,  20  mM  maleic  acid,  pH  7.8  (“C”);  15 
mM  tris,  5 mM  EDTA,  10  mM  MgCl2,  5.5  mM 
boric  acid,  pH  7.8  (“D”);  and  25  mM  tris,  192 
mM  glycine,  pH  8.5  (“I”).  Following  the  run, 
enzyme  specific  stains  (Richardson  et  al.  1986) 
were  mixed  with  1.5%  agar  and  applied  to  the 
plates.  After  stains  had  fully  developed,  the  agar 
was  washed  off  and  the  plates  were  photocopied 
to  provide  a permanent  record  of  the  banding 
pattern.  The  distance  each  band  appeared  from 
the  origin  was  measured  in  mm  and  alleles  were 
named  according  to  the  distance  moved  relative 
to  the  most  common  allele  (Allendorf  et  al.  1 977). 

An  initial  survey  for  allozyme  variation  was 
carried  out  using  one  individual  from  each  nest. 
Thirty-five  enzyme  systems  were  investigated 
(Appendix  A).  For  some  enzymes  (e.  g.,  alcohol 
dehydrogenase  and  esterase)  the  efficacy  of  sev- 
eral substrates  was  tested  (Appendix  A).  Each  of 
the  five  buffer  systems  was  used  in  combination 
with  each  enzyme  system  to  determine  the  best 
running  conditions  for  each  enzyme.  Next  an 
additional  nine  spiders  from  each  colony  were 
surveyed  for  each  of  the  enzymes  resolved  in  the 
initial  screen. 

Analysis. “The  resulting  data  on  the  distri- 
bution and  frequencies  of  genotypes  were  ana- 


lyzed using  Wright’s  F-statistics  (Wright  1951, 
1965;  Long  1986;  Weir  1990;  Weir  & Cocker- 
ham  1984).  Both  three  level  and  four  level  anal- 
yses were  carried  out.  In  three  level  analyses  the 
total  departure  from  panmixia  observed  in  a 
population  (F,^)  is  partitioned  into  that  due  to 
division  of  the  population  into  colonies  (F^,)  and 
that  due  to  non-random  mating  within  colonies 
(F^).  In  the  four  level  analyses  is  partitioned 
into  the  portion  due  to  division  of  the  population 
into  subpopulations  (F^),  colonies  within  sub- 
populations (F,^),  and  In  the  four  level  anal- 
ysis the  clusters  were  the  two  collection  sites  and 
colonies  were  the  subgroups  within  collection 
sites. 

RESULTS 

Of  the  35  enzymes  screened,  22  yielded  scor- 
able  bands  (Appendix  A).  The  enzymes  A AT, 
MDH,  and  IDH  each  produced  two  bands,  pre- 
sumably representing  products  of  two  gene  loci, 
as  is  true  of  other  organisms  (Richardson  et  al. 
1986).  The  other  enzymes  appear  to  be  coded 
for  by  a single  gene  locus  each.  Thus  the  22  scor- 
able  enzymes  are  the  products  of  25  genetic  loci. 

Two  loci  showed  scorable  polymorphisms. 
Lactate  dehydrogenase  (LDH)  had  two  alleles, 
and  Ld¥.  Glucose-6-phosphate  dehydro- 
genase (G6PDH)  had  two  alleles,  G6pdF^^  and 
G6pdh^'^.  Hexokinase  (HK),  showed  uninter- 
pretable variation  and  could  not  be  used  in  this 
study.  LDH  was  clearest  when  run  in  I buffer; 
G6PDH  was  clearest  in  I buffer  with  the  addition 
of  NADP  at  1 mM  concentration. 

LDH  and  G6PDH  genotypes  from  individuals 
in  each  colony  are  presented  in  Table  1 . The  Ld¥ 
allele  was  found  only  in  colonies  from  the  G.  K. 
V.  K.  campus  and  was  present  in  all  of  these 
colonies.  One  colony  was  fixed  for  Ld¥,  whereas 
the  rest  were  polymorphic.  The  allele  G6pdh^'^ 
was  found  in  only  one  colony  on  the  1.  1.  S. 
campus;  all  members  of  the  colony  were  ho- 
mozygous for  this  allele. 

Three  level  F-statistics  were  estimated  for  both 
LDH  and  G6PDH  (Fig.  1,  Table  2).  Since  Ld¥ 
and  Gdpdh^"^  were  each  found  at  only  one  of  the 
two  collecting  sites,  there  may  also  be  subdivi- 
sion of  the  population  on  a scale  larger  than  the 
individual  colony.  To  quantify  this,  four  level 
F-statistics  were  also  estimated  (Table  2). 

DISCUSSION 

In  these  samples  of  S.  sarasinorum,  few  loci 
are  polymorphic  and  the  majority  of  colonies 
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Figure  1 .—Plot  of  mean  three  level  F’-statistic  values 
for  cooperative  spiders.  The  length  of  the  boxes  on  the 
y-axis  indicates  the  range  of  possible  values  for  F,, 
and  the  symbols  show  actual  values.  Open  squares 
= Stegodyphus  sarasinorum\  filled  circles  = Anelosi- 
mus  eximius",  open  circles  = Achaearanea  wau\  closed 
squares  = Agelena  consociata. 


consist  of  identical  homozygotes.  The  high  val- 
ues for  Fit  (Fig-  1)  indicate  an  extreme  departure 
from  panmixia  in  this  population.  Inspection  of 
Table  1 shows  that  there  is  subdivision  of  the 
population  at  two  scales:  between  subpopula- 
tions (i.  e.,  collection  sites)  and  among  colonies 
within  the  two  subpopulations.  Allele  Ldh^  was 
found  only  at  the  G.  K.  V.  K.  campus,  and  allele 
G6pd¥'^  was  found  only  at  the  I.  I.  S.  campus. 
Within  each  subpopulation,  further  population 
structure  is  due  to  subdivision  of  the  populations 
into  colonies. 

Low  allozyme  diversity  in  the  Bangalore  S. 
sarasinorum  severely  limits  our  inferences  about 
population  structure  in  this  species.  Clearly,  there 
is  subdivision  of  the  population  into  clusters  and 
departure  from  panmixia,  as  evidenced  by  the 
distribution  of  the  LDH  alleles.  However,  the 
absence  of  Ldh^  and  the  extremely  low  frequency 
of  G6pdh^'^  at  the  1. 1.  S.  site  means  that  it  is  not 
possible  to  draw  conclusions  about  dispersal  and 
gene  flow  among  colonies  at  this  site.  The  pres- 
ence of  two  LDH  alleles  at  the  G.  K.  V.  K.  cam- 
pus would  make  this  a better  location  for  study 
of  dispersal  and  gene  flow  among  colonies  than 
the  1. 1.  S.  site.  Unfortunately,  we  collected  most 
samples  from  the  1. 1.  S.  site  and  only  four  from 
the  G.  K.  V.  K.  site. 

Allozyme  electrophoresis  has  been  used  in 
studies  of  three  other  cooperative  spiders: 
Achaearanea  wau  Levi  (Theridiidae)  (Lubin  & 
Crozier  1985),  A.  eximius  (Keyserling)  (Theri- 


Table  1.— Genotype  counts  for  the  lactate  dehydro- 
genase (LDH)  and  glucose-6-phosphate  dehydrogenase 
(G6PDH)  loci  in  29  colonies  of  Stegodyphus  sarasi- 
norum. SS,  homozygote  for  the  slow  allele;  FF,  ho- 
mozygote for  the  fast  allele;  SF,  heterozygote.  Ldh'^'^ 
= F,  Ldh^  = S,  G6pdh^^^  = F,  G6pdh^‘^  = S. 


LDH 

G6PDH 

Colony 

SS 

SF 

FF 

SS 

SF 

FF 

G. 

K.  V.  K.  Agricultural  University  Campus 

A1&2 

8 

16 

12 

0 

0 

2 

B1 

9 

2 

3 

0 

0 

4 

B2 

13 

0 

0 

0 

0 

0 

El 

13  8 

Indian  Institute 

0 0 0 

of  Science  Campus 

5 

Cl 

0 

0 

10 

0 

0 

10 

C5 

0 

0 

7 

0 

0 

2 

C13 

0 

0 

13 

0 

0 

2 

C16 

0 

0 

14 

0 

0 

2 

C18 

0 

0 

14 

0 

0 

2 

C19 

0 

0 

14 

0 

0 

7 

C21 

0 

0 

14 

0 

0 

12 

C30 

0 

0 

13 

0 

0 

2 

C34 

0 

0 

18 

0 

0 

2 

C37 

0 

0 

16 

0 

0 

2 

C45 

0 

0 

13 

0 

0 

6 

C48 

0 

0 

13 

0 

0 

9 

C58 

0 

0 

13 

0 

0 

2 

C71 

0 

0 

13 

0 

0 

2 

C75 

0 

0 

13 

0 

0 

2 

C76 

0 

0 

15 

0 

0 

2 

C77 

0 

0 

13 

0 

0 

2 

C78 

0 

0 

13 

0 

0 

12 

D1 

0 

0 

6 

3 

0 

0 

D2 

0 

0 

13 

0 

0 

2 

D3 

0 

0 

8 

0 

0 

2 

D4a 

0 

0 

13 

0 

0 

2 

D4b 

0 

0 

8 

0 

0 

0 

D4c 

0 

0 

14 

0 

0 

2 

D4d 

0 

0 

12 

0 

0 

3 

Total 

31 

26 

328 

3 

0 

102 

diidae)  (Smith  1986,  Smith  & Hagen  unpub- 
lished data),  and  Agelena  consociata  Denis  (Age- 
lenidae)  (Roeloffs  & Riechert  1988).  The  low 
frequency  of  polymorphic  loci  in  S.  sarasinorum 
(2  of  25  loci  or  8%)  agrees  with  the  levels  of 
variability  found  in  other  cooperative  spiders. 
Lubin  & Crozier  (1985)  found  1 of  21  loci  (5%) 
to  be  polymorphic  in  Achaearanea  wau  and  Smith 
(1986)  and  Smith  & Hagen  (unpublished  data) 
found  no  more  than  3 of  5 1 loci  (6%)  to  be  poly- 
morphic within  any  population  of  Anelosimus 
eximius  examined.  Agelena  consociata  has  a 
higher,  but  still  low,  frequency  of  polymorphic 
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Table  2.— Three-  and  four-level  F’-statistic  estimates  for  cooperative  spiders.  Number  of  loci  = the  number 
of  polymorphic  loci  on  which  estimates  are  based. 


Species 

F, 

Three  level 

F. 

F,s 

# loci 

Source 

Stegodyphus  sarasinorum 

LDH 

0.675 

0.636 

0.108 

this  study 

G6PDH 

1 

1 

0 

this  study 

Mean 

0.838 

0.818 

0.054 

2 

this  study 

Achaearanea  wau 

0.786 

0.804 

-0.088 

1 

Lubin  & Crozier  1985 

Agelena  consociata 

0.458 

0.517 

0.131 

5 

Roeloffs  & Riechert 

1988 

Anelosimus  eximius 

0.886 

0.885 

Four  level 

-0.083 

4 

Smith  1986 

Species 

F, 

F« 

Fse 

F.S 

# loci 

Source 

Stegodyphus  sarasinorum 

LDH 

0.854 

0.804 

0.164 

0.108 

_ 

this  study 

G6PD 

1 

1 

0 

0 

this  study 

Mean 

0.927 

0.902 

0.082 

0.054 

2 

this  study 

Anelosimus  eximius 

(from  3 localities  in  Suriname) 

0.896 

0.074 

0.890 

-0.083 

3 

unpublished  data 

loci:  Roeloffs  & Riechert  (1988)  found  7 of  22 
loci  (32%)  to  be  polymorphic  in  a population  of 
this  species.  In  contrast,  Smith  (1987)  found  22 
of  35  loci  (63%)  to  be  polymorphic  in  the  sub- 
social species  Anelosimus  studiosus. 

Roeloffs  & Riechert  (1988),  Smith  (1986)  and 
Smith  & Hagen  (unpublished  data)  calculated 
three  level  F-statistics  from  their  genotype  data; 
Lubin  & Crozier  (1985)  presented  genotype  data 
which  we  used  to  estimate  F-statistics  (Table  2). 

Certain  aspects  of  population  structure  seem 
common  to  all  four  cooperative  social  spiders: 
low  frequency  of  polymorphic  enzymes,  extreme 
departure  from  panmixia,  and  subdivision  of  the 
population  into  colonies.  Other  aspects  of  pop- 
ulation structure  differ  among  species.  In  both 
S.  sarasinorum  and  A.  wau  there  is  significant 
genetic  differentiation  among  subpopulations: 
colonies  of  the  same  genotype  are  clustered.  This 
is  different  from  the  situation  in  Anelosimus  ex- 
imius.  A four  level  F-statistical  analysis  of  A. 
eximius  collected  from  three  sites  in  Suriname 
separated  by  more  than  50  km  showed  little  or 
no  genetic  differentiation  among  subpopulations; 
virtually  all  population  subdivision  was  at  the 
level  of  colonies  (Smith  & Hagen  unpublished 
data). 

Many  questions  about  S.  sarasinorum  remain 

unanswered  by  these  data.  The  fact  that  different 


alleles  were  present  in  the  two  collection  sites 
implies  that  there  are  some  barriers  to  gene  flow 
between  these  populations.  The  published  ob- 
servations of  ballooning  in  Stegodyphus  would, 
on  the  other  hand,  suggest  good  dispersal  powers. 
It  is  possible  that  dispersal  and  mixing  takes  place 
on  a small  scale  (i.  e.,  among  colonies  close  to 
one  another)  but  that  populations  are  isolated  by 
distance  or  unsuitable  habitat.  Another  possi- 
bility is  that  colonies  of  S.  sarasinorum  repro- 
duce by  means  of  swarming,  as  has  been  reported 
for  A.  wau  (Lubin  & Crozier  1985,  Levi  et  al. 
1982),  so  that  spiders  in  nearby  colonies  are  like- 
ly to  be  members  of  the  same  large  extended 
family.  These  need  to  be  answered  by  sampling 
additional  colonies  from  regions  in  which  more 
than  one  allele  for  a locus  is  present,  or  by  turning 
to  other  methods,  such  as  nuclear  micro-satellite 
markers  (e.  g.,  Queller  et  al.  1993)  to  detect  ge- 
netic variation  among  individuals  in  the  samples 
already  collected. 
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Appendix  A.— Enzymes  (abbreviation,  name,  Enzyme  Commission  number)  examined  in  this  study  of  Ste- 
godyphus  sarasinorum  and  the  buffer  that  gave  best  resolution:  NA,  no  activity  in  any  of  the  five  buffer  systems 
examined;  UR,  active  but  unresolved  on  the  five  buffer  systems  examined.  Those  scorable  enzymes  indicated 
by  the  symbol  (2)  are  considered  to  be  coded  by  two  loci  (see  text  for  further  explanation). 


AAT  (2) 

aspartate  aminotransferase 

(2.6JJ) 

B 

AC 

aconitase 

(4.2.1  J) 

B 

ACP 

acid  phosphatase 

(3. 1.3.2) 

B 

ADA 

adenosine  deaminase 

(3.5.4.4) 

B 

ADH 

alcohol  dehydrogenase 

(1.1. LI) 

with  ethanol  as  substrate 

NA 

ODH—with  octanol  as  substrate 

NA 

PDH— with  pentanol  as  substrate 

NA 

AK 

adenylate  kinase 

(2.7.1.20) 

C 

ALD 

aldolase 

(4.1,2.13) 

B,  I 

ALDH 

aldehyde  dehydrogenase 

(1.1.1. 1) 

NA 

AO 

aldehyde  oxidase 

(1.2.3.1) 

NA 

DIA 

diaphorase 

(1.6.*.*) 

NA 

EST 

esterase 

(3.1. LI) 

EST"«— with  a-naphthyl  acetate  as  substrate 

D 

EST-i0“-with  j8-naphthyl  acetate  as  substrate 

D 

EST-a,  iff —with  a and  /3-naphthyl  acetate  as  substrate 

D,  C 

EST*— with  methylumbelliferyl  acetate  as  substrate 

NA 

FDP 

fructose- 1 ,6-diphosphatase 

(3.1.3.11) 

I,  D 

FUM 

fumarase 

(4.2. 1.2) 

NA 

aGPD 

a-glycerol-3-phosphate  dehydrogenase 

(LI. 1.8) 

NA 

GPI 

glucose  phosphate  isomerase 

(5.3.L9) 

UR 

G6PDH 

glucose-6-phosphate  dehydrogenase 

(1.1.1.49) 

I 

GSR 

glutathione  reductase 

(L6.4.2) 

NA 

HBDH 

iff-hydroxybutyrate  dehydrogenase 

(1.1.1.30) 

B 

HK 

hexokinase 

(2.7.L1) 

I 

IDH  (2) 

isocitrate  dehydrogenase 

(1.1.1.42) 

C,  B 

LAP 

leucine  aminopeptidase 

(3.4.11.1) 

NA 

LDH 

lactate  dehydrogenase 

(1.1.1.27) 

I,D 

MDH  (2) 

malate  dehydrogenase 

(1.1.1.37) 

C 

ME 

malic  enzyme 

(1.1.1.40) 

UR 

MPI 

mannose  phosphate  isomerase 

(5.3.L8) 

I 

NP 

purine  nucleoside  phosphorylase 

(2.4.2. 1) 

NA 

PEP 

Peptidase 

(3.4.11) 

NA 

[phe-pro]— with  phenylalanine-proline  as  substrate 

PGD 

6-phosphogluconate  dehydrogenase 

(LLL46) 

B,A 

P3GDH 

3 "phosphogly cerate  dehydrogenase 

(1.1.1.95) 

C 

PGK 

phosphoglycerate  kinase 

(2.7.2.3) 

NA 

PGM 

phosphoglucomutase 

(2.7.5.1) 

A 

SORDH 

sorbitol  dehydrogenase 

(1.1.1.14) 

B 

TPI 

triose  phosphate  isomerase 

(5.3.1. 1) 

C,  B 

XDH 

xanthine  dehydrogenase 

NA 

XO 

xanthine  oxidase 

(1.2.3.2) 

NA 
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SPIDERS  OF  AN  OLD  FIELD  HABITAT 
IN  THE  DELTA  OF  MISSISSIPPI 


Orrey  P.  Young'  and  Timothy  C.  Lockley^:  Southern  Field  Crop  Insect  Management 
Laboratory,  USDA-ARS,  P.  O.  Box  346,  Stoneville,  Mississippi  38776  USA 


ABSTRACT.  Over  a 14-month  period,  2785  spiders  of  70  species  were  collected  by  1 14  pitfall  trap  samples 
and  68  sweepnet  samples  in  a 2.5  ha  abandoned  horse  pasture  adjacent  to  a cotton  field  in  Washington  County, 
Mississippi.  Mean  numbers  of  spiders  per  sample  were  approximately  equal  by  pitfall  (x  = 15)  and  sweepnet 
(x  = 16)  methods.  Individuals  of  the  Lycosidae  (42.6%),  Thomisidae  (16.2%),  and  Salticidae  (14.4%)  comprised 
almost  three-fourths  of  all  spiders  collected.  Individuals  of  1 3 other  families  were  also  collected.  Web-spinners 
comprised  21.4%  of  the  species  {n  = 15)  and  13.9%  of  the  individuals  (n  = 386),  whereas  wanderers  comprised 
78.6%  of  the  species  {n  = 55)  and  86.1%  of  the  individuals  {n  = 2399).  Eighteen  species  occurred  only  in  the 
sweepnet  (foliage)  samples,  31  species  only  in  the  pitfall  (ground)  samples,  and  21  species  occurred  in  both 
sampled  strata.  Foliage  spiders  (mostly  immatures)  reached  peak  population  levels  in  June  and  July  and  again 
in  October  and  November.  Very  low  densities  occurred  in  August  and  September,  with  intermediate  levels 
throughout  the  winter  and  spring  leading  to  peak  adult  densities  in  April.  Ground  spiders  reached  peak  population 
levels  in  March  (mostly  adults)  and  July  (mostly  immatures).  A comparison  of  the  composition  and  structure 
of  this  spider  community  with  other  old  field  sites  and  other  potentially  adjacent  crop  and  non-crop  habitats 
suggests  considerable  similarity.  A possible  role  for  spiders  in  cotton  pest  management  is  considered. 


Several  reviews  in  the  last  1 5 years  have  sug- 
gested that  spiders  are  potential  control  agents 
of  some  pests  in  certain  crops  (Young  & Edwards 
1990;  NyfFeler  & Benz  1987;  Reichert  & Lockley 
1984;  Luczak  1979).  In  cotton,  surveys  have  in- 
dicated a large  and  diverse  community  of  spiders 
(Mysore  & Pritchett  1986;  Dean  et  al.  1982; 
Whitcomb  et  al.  1963a).  In  Washington  County, 
Mississippi,  over  60%  of  the  land  area  is  under 
cultivation,  with  cotton  the  principal  crop  (Gunn 
et  al.  1980).  Because  cotton  is  an  annual  crop 
that  is  planted  in  fields  usually  left  barren  during 
the  fall,  winter,  and  spring,  spiders  must  reco- 
lonize cotton  fields  each  year  by  dispersing  from 
adjacent  habitats.  These  habitats  can  be  nurseries 
for  general  predators  such  as  spiders  (Altieri  & 
Whitcomb  1979),  though  in  these  habitats  little 
is  known  about  spider  species  composition,  guild 
structure,  population  density,  and  temporal  pat- 
terns of  occurrence  (Lockley  & Young  1986a). 
Numerous  studies,  however,  have  demonstrated 
that  spiders  are  the  most  abundant  group  of  pred- 
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ators  in  many  of  these  habitats  (e.  g..  Smith  et 
al.  1985;  Fuchs  & Harding  1976;  Moulder  & 
Reichle  1972).  Field  observations  and  laboratory 
experiments  also  have  shown  that  many  of  the 
spider  species  occurring  in  these  habitats  can  prey 
on  cotton  pests  (e.  g..  Young  1989a,  b;  Lockley 
& Young  1 986b).  In  this  report  we  document  the 
spatial  and  temporal  occurrence  and  species 
composition  of  the  spider  community  in  an  old 
field  habitat,  consider  the  potential  impact  of  an 
adjacent  cotton  field  on  this  community,  and 
compare  our  results  with  other  studies  of  old  field 
and  similar  habitats. 

METHODS 

Site  description.— The  study  site  was  a 2.5  ha 
old  field  habitat  3 km  SSE  of  Leland,  Washington 
County,  Mississippi  (Site  1 of  Young  & Wel- 
boum  1987,  1988).  This  fenced  area  had  been  a 
pasture  for  horses  and  was  routinely  mowed  once 
a year  in  the  autumn.  It  was  last  mowed  in  1983 
and  horses  were  removed  in  late  1984.  The  site 
was  bordered  on  the  east  by  a narrow  paved  road 
and  adjacent  32  ha  cotton  field,  on  the  north  by 
a residence  in  a woodlot,  on  the  west  by  a de- 
ciduous tree-lined  creek,  and  on  the  south  by  old 
field  habitat.  There  were  three  distinct  zones  of 
vegetation  and  soil  in  this  field.  Nearest  the  road 
(east)  was  a north-south  strip  20  m wide,  sparsely 
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covered  with  clovers  and  grasses.  The  soil  was  a 
heavy  clay/loam  mixture,  and  when  very  dry  in 
mid-  and  late-summer  the  surface  contained 
many  wide  and  deep  cracks.  Scattered  clumps  of 
Erigeron  strigosus  Wilid,  and  Anthemis  cotula  L. 
were  the  principal  flowering  forbs  in  early  and 
mid  summer,  with  Erigeron  canadensis  L.,  Aster 
pilosus  Willd.,  and  Helenium  amarum  (Rafin.) 
dominant  in  late  summer  and  autumn.  Nearest 
the  creek  (west)  and  its  associated  trees  was  a 
north-south  strip  10  m wide  and  shaded  daily 
beginning  in  mid-aftemoon.  Horses  had  exten- 
sively trampled  and  fed  in  this  area  and  the  veg- 
etation was  mostly  Cynodon  dactylon  (L.)  and 
Sorghum  halepense  (L.).  Scattered  clumps  of  E. 
canadensis  and  Carduus  L.  spp.  bloomed  in  late 
summer,  with  senescence  of  all  plants  by  late 
October.  The  soil  was  sandy  loam,  but  was  well- 
packed  and  drained  somewhat  better  than  the 
clay/loam  section.  The  center  section  of  the  field 
was  porous  sandy  loam  with  a dense  cover  of 
forbs,  which  included  Amaranthus  L.  sp.,  Oe- 
nothera L.  spp.,  and  Solidago  altissima  L.  Se- 
nescence occurred  in  late  November,  and  in  the 
spring  of  1986  Vida  sativa  L.  over-grew  much 
(50%)  of  the  vegetation  in  this  and  the  eastern 
sections. 

Trap  description.— Six  pitfall  traps  were  placed 
in  the  field,  two  in  each  of  the  sections  (east, 
center,  west).  Metal  oil  cans  (946  ml,  10  cm  di- 
ameter, 1 4 cm  high)  with  the  tops  removed  were 
placed  in  the  ground  with  the  top  rim  protruding 
ca.  6 mm  above  the  soil  surface.  Soil  was  packed 
around  the  can  to  form  a low  cone  up  to  the  rim. 
Inserted  in  each  can  was  a removable  plastic  cup 
(473  ml,  10  cm  diameter,  13  cm  high)  containing 
ca.  100  ml  of  a 50%  solution  (in  water)  of  com- 
mercial auto  antifreeze  (ethylene  glycol).  Traps 
were  placed  in  pairs  one  meter  apart  and  con- 
nected by  a sheet  metal  barrier  1 0 cm  high,  em- 
bedded 2.5  cm  into  the  soil,  and  oriented  north- 
south.  Supported  5 cm  over  each  trap  by  three 
wood  dowels  was  an  aluminum  pie  plate  (20  cm 
diameter)  spray-painted  dark  green. 

Sampling  procedures.  ~ Pitfall  traps  were  emp- 
tied and  refilled  with  preservative  at  weekly  or 
biweekly  intervals  (depending  on  temperature  and 
associated  arthropod  activity  levels)  from  March 
1985  to  May  1986.  Contents  of  each  pair  of  traps 
were  pooled  as  one  sample.  Sampling  of  the 
above-ground  foliage  with  a sweepnet  (39  cm 
diameter,  1 0 sweeps  per  sample)  was  conducted 
mid-morning  during  the  same  intervals,  one 
sample  in  each  of  the  three  sections.  Material 


from  pitfall  traps  and  sweepnet  samples  was 
brought  into  the  lab  and  refrigerated  (pitfall)  or 
frozen  (sweepnet)  for  an  indefinite  period.  Sam- 
ples were  subsequently  sorted,  identified,  and 
tabulated.  Unidentified  material  and  voucher 
specimens  were  stored  in  alcohol  for  further  pro- 
cessing. 

RESULTS 

Total  spider  fauna. —During  the  period  March 
1985  to  May  1986,  114  pitfall  trap  samples  of 
the  ground  stratum  community  and  68  sweepnet 
samples  of  the  foliage  stratum  community  ob- 
tained 2785  spiders  of  70  species.  Pitfall  traps 
captured  1689  individuals  of  53  species,  for  a 
mean  of  1 5 spiders  per  sample  and  a mean  of  32 
individuals  per  species.  Sweepnet  sampling  cap- 
tured 1096  individuals  of  37  species,  for  a mean 
of  16  spiders  per  sample  and  a mean  of  30  in- 
dividuals per  species  (Appendix  A). 

Sixteen  families  of  spiders  were  represented  at 
the  study  site  (Table  1).  Members  of  the  Lycos- 
idae  (42.6%),  Thomisidae  (16.2%),  and  Saltici- 
dae  (14.4%)  comprised  almost  three-fourths  of 
all  spiders  collected.  In  the  ground  stratum, 
members  of  the  Lycosidae  were  most  abundant 
(68%).  In  the  foliage  stratum,  members  of  the 
Salticidae  (32.7%),  Thomisidae  (25.0%),  and  Ox- 
yopidae  (23.5%)  were  most  abundant. 

A variety  of  analytical  methods  was  employed 
in  comparisons  of  the  spider  assemblage  in  each 
of  the  three  sampling  areas  within  the  study  site. 
Though  some  minor  differences  were  detected, 
particularly  in  seasonal  distribution  of  imma- 
tures,  we  concluded  that  the  apparent  (to  us)  dif- 
ferences in  vegetation  and  soil  of  the  three  sites 
were  not  reflected  in  significant  differences  in  spi- 
der distribution,  density,  or  composition.  Thus 
for  the  purposes  of  subsequent  analyses  the  data 
from  the  three  sites  were  combined. 

Comparison  of  strata.— Species  composition 
of  the  two  strata  exhibited  a 30%  overlap,  with 
21  species  occurring  in  both  strata,  31  species 
present  only  in  the  ground  stratum,  and  1 8 spe- 
cies found  only  in  the  foliage  (Appendix  A).  Peak 
seasonal  population  densities  on  the  ground  oc- 
curred in  March  and  July,  whereas  peak  popu- 
lation densities  on  foliage  occurred  in  June,  July, 
October,  and  November  (Fig.  1). 

The  age  distribution  of  the  foliage  assemblage 
was  skewed  toward  the  younger  stages,  with  86.1% 
immature  and  13.9%  adult.  The  seasonal  distri- 
bution of  these  age  classes  on  foliage  demon- 
strated early  summer  and  late  autumn  popula- 
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Table  1.— Summary  by  family  and  guild  of  spiders  captured  in  an  old  field  habitat,  Washington  County, 
Mississippi,  March  1985“May  1986.  Numbers  in  columns  represent  species,  with  the  number  of  individuals  in 
parentheses. 


Web-spinning 

Wandering 

No.  of 
species 
(individuals) 
as  % of 
total 

Orb 

Sheet 

Matrix 

Active 

Ambush 

Agelenidae 

1 

(27) 

1.4  (1.0) 

Anyphaenidae 

1 

(1) 

1.4(<1) 

Araneidae 

6 (56) 

8.6  (2.0) 

Clubionidae 

3 

(11) 

4.3  (<1) 

Dictynidae 

1 (4) 

1.4(<1) 

Gnaphosidae 

7 

(65) 

10.0  (2.3) 

Hahniidae 

1 

(47) 

1.4  (1.7) 

Linyphiidae 

3 

(245) 

4.3  (8.8) 

Lycosidae 

18 

(1187) 

25.7  (42.6) 

Oxyopidae 

1 

(264) 

1.4  (9.5) 

Pisauridae 

1 

(18) 

1.4(<1) 

Salticidae 

16 

(402) 

22.9(14.4) 

Theridiosomatidae 

1 (1) 

1.4(<1) 

Theridiidae 

1 (3) 

1.4(<1) 

Thomisidae 

8 (451) 

11.4(16.2) 

Uloboridae 

1 (4) 

1.4(<1) 

Totals 

Percentages 

8 (61) 

11.4  (2.2) 

5 (315) 

= 15  (387) 

7.2(11.5) 

= 21.4(13.9) 

2 (7) 

2.8  (0.2) 

47  (1948) 

= 55 

67.2  (69.9) 

= 78.6 

8 (451) 
(2399) 
11.4(16.2) 
(86.1) 

100  (100) 

tion  peaks  for  immatures  and  a considerably 
lower  spring  population  peak  for  adults  (Fig.  2). 
Within  the  foliage  assemblage,  three  families 
(Salticidae,  Thomisidae,  Oxyopidae)  represented 
81.2%  of  all  individuals  collected.  The  seasonal 
distribution  of  these  families  demonstrated  peak 
densities  of  Salticidae  in  June  and  July,  Thom- 
isidae in  October,  and  Oxyopidae  in  November 
and  January.  The  most  abundant  species  in  the 
foliage  stratum  was  Oxyopes  salticus  Hentz  (Ox- 
yopidae), representing  23.5%  of  all  foliage  spi- 
ders (Appendix  A). 

The  ground  population  was  more  evenly  dis- 
tributed between  adult  and  immature  stages  than 
the  foliage  assemblage,  with  47. 1%  immature  and 
52.9%  adult.  Peak  adult  population  density  oc- 
curred between  March  and  May,  followed  by  peak 
immature  density  between  July  and  September 
(Fig.  3).  Sixty-eight  percent  of  the  ground  spider 
community  was  composed  of  lycosid  individu- 
als. Within  the  adult  portion  of  this  family,  Par- 
dosa  milvina  (Hentz)  was  captured  most  fre- 
quently in  April  and  May  of  the  first  year,  as 
were  Lycosa  spp.  in  April  and  May  of  the  second 
year.  Allocosa  absoluta  (Gertsch)  was  the  most 


frequently  captured  species  in  July  and  August, 
and  Schizocosa  ocreata  (Hentz)  occurred  at  low 
levels  intermittently  throughout  the  year.  For 
immature  Lycosidae,  Lycosa  spp.  were  captured 
most  frequently,  particularly  in  July,  September, 
and  May.  Schizocosa  spp.  occurred  most  fre- 
quently in  August  and  October,  and  members  of 
the  Allocosa  and  Pardosa  occurred  at  low  levels 
throughout  most  of  the  year  (Appendix  A). 

Comparison  of  guilds.— Spiders  can  be  clas- 
sified as  obtaining  their  food  either  by  spinning 
webs  or  by  wandering  (Comstock  1940).  Con- 
sidering the  spider  assemblage  captured  at  the 
study  site,  78.6%  of  the  species  {n  = 55)  were 
wanderers,  as  were  86.1%  of  the  individuals  {n 
= 2399).  Only  2 1 .4%  of  the  species  {n=  15)  were 
web-spinners,  as  were  13.9%  of  the  individuals 
{n  = 386)  (Table  1).  Web-spinners  were  most 
frequently  captured  in  early  spring  (March)  of 
both  years,  with  captures  declining  to  almost  zero 
in  autumn  (October)  (Fig.  4).  The  wanderer  pop- 
ulation was  captured  most  frequently  in  the 
spring,  summer,  and  autumn,  with  peak  captures 
in  July  exceeding  50  per  sample,  compared  to 
only  5 per  sample  for  web-spinners  (Fig.  4). 
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HH  Foliage  Ground 

Figure  L— Seasonal  distribution  of  foliage  and  ground  spiders  in  an  old  field  habitat. 


The  spider  assemblage  at  the  family  level  can 
also  be  divided  into  five,  rather  than  two,  food- 
gathering guilds  (e.  g.,  Young  & Edwards  1990). 
Subdividing  the  web-spinning  guild  into  orb, 
sheet,  and  matrix  guilds  indicates  that  individ- 
uals of  the  sheet-web  guild  were  the  most  nu- 
merous, but  more  species  occurred  from  the  orb- 
web  families  (Table  1).  Subdividing  the  wander- 
ing guild  into  active  and  ambush  guilds  indicates 
that  individuals  and  species  of  the  active  guild 
were  the  most  numerous. 

DISCUSSION 

General  considerations. —An  old  field  can  be 

characterized  as  a habitat  in  the  early  stages  of 
succession  from  an  abandoned  pasture,  previ- 
ously plowed  crop  field,  or  other  disturbed  hab- 
itat. In  the  Delta  area  of  Mississippi,  old  field 
sites  are  usually  former  fields  of  cotton  or  soy- 
bean that  have  been  left  fallow  for  2-5  years.  Tall 
perennial  herbs  such  as  Solidago  spp.  and  Eri~ 
geron  spp.  are  abundant  at  these  sites,  with  scat- 
tered tree  saplings  and  climbing  vines  such  as 
Lonicera  spp.  usually  present.  Patches  of  low- 
growing  grasses  and  herbs  such  as  Trifolium  spp. 
and  Ranunculus  spp.  also  are  scattered  through- 


out, along  with  various  creeping  plants.  This  di- 
versity of  plant  size  and  structure  is  in  marked 
contrast  to  that  found  in  adjacent  cotton  fields. 
After  cotton  harvest  in  September  or  October, 
stalks  are  plowed  under  and  the  field  remains 
barren  until  planting  the  following  April  or  May. 
Subsequent  cultivations  and  herbicide  applica- 
tions eliminate  most  other  plants  from  the  field 
and  ensures  a cotton  monoculture.  Intensive  ap- 
plication of  insecticides  during  the  growing  sea- 
son also  eliminates  most  arthropods,  including 
spiders. 

The  frequent  aerial  application  of  insecticides 
to  cotton  typically  results  in  drift  of  this  material 
onto  adjacent  habitats.  Mortality  of  arthropods 
may  occur  in  adjacent  habitats  as  a result  of  in- 
secticidal drift.  Thus  the  spider  community  as 
documented  in  the  present  study  may  be  typical 
of  old  field  habitats  adjacent  to  intensively 
sprayed  agricultural  sites,  but  not  of  old  field 
habitats  situated  elsewhere. 

The  sampling  procedures  used  in  this  study 
may  also  be  a source  of  bias.  Pitfall  trapping 
frequently  has  been  criticized  as  a population 
sampling  method  for  spiders  and  other  arthro- 
pods, primarily  because  the  traps  do  not  distin- 
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Figure  2.— Seasonal  distribution  of  adult  and  immature  foliage  spiders  in  an  old  field  habitat. 


guish  between  population  density  and  activity 
levels  (e.  g.,  Uetz  & Unzicker  1976).  Procedures 
that  are  more  precise  and  discriminating,  such 
as  whole-plant  fumigation,  are  often  prohibitive 
in  time  and  manpower  and  regrettably  were  not 
used  in  the  present  study.  An  analysis  of  the 
efficiency  of  various  types  of  pitfall  traps  (Curtis 
1980)  also  suggests  that  the  traps  used  in  the 
present  study  may  have  undersampled  some  spi- 
der populations  due  to  a trap  cover,  and  over- 
sampled some  spider  populations  by  the  use  of 
a potentially  attractive  liquid  preservative.  Bar- 
riers connected  to  pitfall  traps,  as  used  in  the 
present  study,  may  have  oversampled  active  spi- 
ders, but  there  is  no  data  in  the  spider  literature 
to  support  or  refute  this  possibility.  The  “sweep- 
ing” technique  for  sampling  spider  populations 
on  vegetation  also  has  been  criticized  (Duffey 
1974).  As  a simple  and  inexpensive  method  it  is 
often  preferred  to  foliage-sampling  techniques 
such  as  vacuum,  visual,  and  whole-plant  ex- 
amination, though  it  may  be  the  most  biased. 

A comparison  of  the  relative  proportions  of 
the  spider  community  comprising  wanderers  and 
web-spinners  in  this  old  field  site  with  other  sites 
also  suggests  a rather  atypical  situation.  In  this 


Washington  County  old  field  habitat,  21%  of  the 
species  were  web-spinners  and  79%  were  wan- 
derers. A seven  year  survey  of  all  habitats  in 
Washington  County,  including  old  field  habitats 
and  agricultural  fields,  demonstrated  a consid- 
erably larger  percentage  (33%)  of  web-spinners 
(Young  et  al.  1989).  A literature  survey  of  spider 
research  in  field  crop  habitats  of  the  United  States 
indicated  that  44%  of  the  species  were  web-spin- 
ners, whereas  an  analysis  of  the  entire  North 
American  spider  fauna,  in  all  habitats,  demon- 
strated that  59%  of  the  species  were  web-spinners 
(Young  & Edwards  1990).  This  trend  suggests 
that  the  web-spinning  spider  community  in  the 
Delta  area  of  Mississippi  is  depauperate,  perhaps 
due  to  the  high  percentage  of  the  land  devoted 
to  annual  crops,  the  associated  disturbance  of 
adjacent  habitats,  and  the  extensive  use  of  pes- 
ticides affecting  both  areas.  Web-spinners  seem 
to  be  more  affected  by  these  factors  and  thus 
represent  a smaller  proportion  of  the  commu- 
nity, even  in  an  old  field  habitat  island  that  is 
relatively  undisturbed. 

Comparison  with  other  old  field  habitats.— In 

North  America,  there  is  no  published  study  of 
the  spider  community  in  old  field  habitats  ad- 
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Figure  3. --Seasonal  distribution  of  adult  and  immature  ground  spiders  in  an  old  field  habitat. 


jacent  to  cotton  or  to  any  other  field  crop.  In  fact, 
there  are  very  few  surveys  of  any  old  field  sites 
for  spiders.  Several  reports  document  the  spider 
community  on  foliage  in  a old  field  habitat,  but 
do  not  include  sampling  of  the  ground  surface 
(MacMahon  & Trigg  1972,  Cannon  1965).  In 
Ohio,  MacMahan  & Trigg  (1972)  sampled  by 
sweepnet  a seven  year  old  field  for  four  months 
and  obtained  63  species  of  spiders.  Four  species 
constituted  77%  of  all  captures  {n  = 2079),  and 
species  composition  was  constant  throughout  the 
sampling  period.  Analyses  of  guild  or  age  struc- 
ture of  the  community  were  not  performed.  An- 
other Ohio  old  field  site  was  sampled  by  Cannon 
(1965).  Twenty-five  species  and  125  individuals 
were  captured  by  sweepnet  during  a three-month 
period,  with  web-spinners  representing  a third  of 
the  individuals.  Other  community  information 
and  analyses  were  not  presented. 

Several  reports  document  the  spider  com- 
munity on  the  ground  surface  in  an  old  field  hab- 
itat, but  do  not  include  sampling  of  the  herba- 
ceous stratum  (Haskins  & Shaddy  1986,  Bultman 
et  al.  1982).  In  Missouri,  several  four  year  old 
fields  were  sampled  by  pitfall  traps  for  eight 
months  (Haskins  & Shaddy  1986).  Sixty  species 


and  868  adult  individuals  were  obtained,  with 
lycosids  the  most  abundant  family  and  web-spin- 
ners usually  representing  less  than  20%  of  the 
individuals.  Other  guild  and  age  structure  anal- 
yses were  not  presented.  In  another  study,  a sev- 
en year  old  field  in  Michigan  was  sampled  by 
pitfall  traps  for  three  months  with  2 1 species  of 
spiders  and  243  individuals  captured  (Bultman 
et  al.  1982).  Members  of  the  Lycosidae  consti- 
tuted over  70%  of  the  ground  surface  community 
and  web-spinners  accounted  for  only  20%  of  the 
individuals. 

One  unpublished  study  examined  both  the 
herbaceous  and  the  ground  strata  in  three  old 
fields  in  Indiana  over  a 1 3-month  period  (Snyder 
1970).  Unfortunately,  the  sample  size  was  quite 
small  (85  individuals  captured  by  sweepnet,  26 
by  pitfall),  and  one  species.  Neon  nellii  Peckhams 
(Salticidae)  represented  35%  of  the  ground-active 
population.  Other  analyses  of  community  char- 
acteristics were  not  performed. 

The  spider  communities  in  the  old  field  sites 
cited  above  may  be  similar  to  the  Mississippi  old 
field  described  herein,  though  it  is  difficult  to 
determine  from  the  published  information.  The 
number  of  foliage  species  at  all  sites  ranged  from 


120 


THE  JOURNAL  OF  ARACHNOLOGY 


Mean  no./sample 

gQ 


MAR  APR  MAY  JUN  JUL  AUO  SEP  OCT  NOW  DEC  JAN  FEB  MAR  APR  MAY 


Month 

HH  Web-spInner  Wanderer 

Figure  4.— Seasonal  distribution  of  web-spinner  and  wanderer  spiders  in  an  old  field  habitat. 


25-63  and  the  number  of  ground  species  ranged 
from  21-60.  Members  of  the  wandering  guild 
were  the  most  abundant  group  in  both  the  foliage 
and  the  ground  strata,  with  web-spinners  rep- 
resenting 20-40%  of  the  assemblage.  These  val- 
ues, and  all  other  potential  comparisons,  how- 
ever, may  be  strongly  influenced  by  differences 
between  studies  in  the  length  and  intensity  of  the 
sampling  effort. 

Relation  of  old  field  spider  community  to  ad- 
jacent cotton  habitat. —Crop  fields  that  are  har- 
vested in  the  fall,  plowed,  and  left  barren  until 
the  spring  growing  season  support  few  if  any  spi- 
der species  during  the  barren  period  (Duffey 
1978).  Consequently,  annual  crops  such  as  cot- 
ton must  be  colonized  by  spiders  from  adjacent 
or  other  habitats.  The  ultimate  density  of  spiders 
in  cotton  fields  each  season  therefore  may  be  a 
function  of  the  species  assemblage  in  adjacent 
habitats  and  their  proximity  (Plagens  1983).  For 
example,  the  spider  community  is  usually  larger 
in  cotton  fields  adjacent  to  alfalfa,  peanuts,  and 
corn  than  in  cotton  fields  adjacent  to  soybean 
(Robinson  et  al.  1972).  Foliage  spiders  usually 
are  more  numerous  in  cotton  fields  adjacent  to 
pasture  or  brushy  habitats  than  to  grassy  or 
woodland  habitats  (Skinner  1974).  Ground  spi- 


ders can  be  more  numerous  in  cotton  fields  ad- 
jacent to  pasture  than  to  woody  areas  (Whitcomb 
et  al.  1963b).  The  proportion  of  the  spider  com- 
munity at  the  species  level  that  moves  into  cotton 
fields  from  all  types  of  adjacent  habitats,  how- 
ever, may  be  rather  small,  for  example  only  1 9% 
in  Mississippi  Delta  cotton  (Young  et  al.  1989). 

The  spider  community  of  cotton  in  the  U.  S. 
A.  has  been  examined  in  at  least  six  states,  and 
along  with  the  spiders  of  soybean  and  alfalfa  are 
among  the  best  known  of  crop  spider  commu- 
nities (Young  & Edwards  1990).  More  species  of 
spiders  (308)  have  been  reported  from  cotton 
than  from  any  other  field  crop,  and  spiders  in 
cotton  are  often  the  numerically  dominant  pred- 
ator (e.  g..  Smith  & Stadelbacher  1978).  The  eco- 
logical and  behavioral  characteristics  of  the  cot- 
ton spider  community,  however,  are  not  well 
known. 

Concurrent  with  the  present  old  field  study, 
regular  collections  of  spiders  were  initiated  in  the 
adjacent  cotton  field.  This  field  was  supposed  to 
have  been  maintained  without  pesticides  for  the 
entire  growing  season.  When  the  first  cotton  pests 
appeared  in  late  May,  however,  the  grower 
changed  his  mind  and  began  a weekly  program 
of  aerial  spraying.  Not  surprisingly,  spider  pop- 


YOUNG  & LOCKLEY^SPIDERS  IN  A MISSISSIPPI  OLD  FIELD  HABITAT 


121 


ulations  were  essentially  non-existent  after  sev- 
eral applications  of  pesticides.  Between  the 
planting  of  the  crop  in  late  April  and  the  start  of 
spraying,  very  little  spider  colonization  of  the 
field  occurred. 

In  previous  years,  spiders  had  been  collected 
intermittently  from  other  cotton  fields  in  Wash- 
ington County  (Young  et  al.  1989).  Of  the  37 
spider  species  captured  on  foliage  in  the  present 
old  field  habitat,  16  were  also  collected  previ- 
ously in  cotton  (43%).  Of  the  53  spider  species 
captured  on  the  ground  in  this  old  field  habitat, 
only  1 2 were  captured  previously  in  cotton  (23%). 
These  values  suggest  a low  colonization  rate  for 
spiders  from  an  old  field  habitat  into  cotton.  A 
survey  of  the  literature  associated  with  cotton 
spiders  in  Mississippi  and  adjacent  states,  how- 
ever, reveals  a different  pattern  (Young  & Ed- 
wards 1990).  Thirty-three  of  the  37  species  of 
spiders  on  foliage  (89%)  and  39  of  the  53  species 
captured  on  the  ground  (74%)  in  the  Delta  old 
field  habitat  also  have  been  recorded  from  cotton 
at  other  locations.  Based  on  this  analysis,  it  ap- 
pears that  most  species  of  spiders  found  in  old 
field  habitats  can  at  least  temporarily  colonize 
adjacent  cotton  fields,  but  not  necessarily  in 
Washington  County. 

As  previously  indicated,  not  all  species  of  spi- 
ders in  old  field  habitats  are  found  in  cotton.  This 
suggests  that  certain  species  or  groups  of  species 
may  be  more  likely  to  occur  in  both  habitats  and 
may  have  certain  characteristics  in  common. 
Comparison  of  the  two  sampled  strata  indicates 
that  foliage-inhabiting  species  are  more  likely  than 
ground-inhabiting  species  to  occur  in  both  old 
field  and  cotton  habitats.  This  phenomenon  may 
be  related  to  the  modes  of  dispersal  of  the  two 
groups.  Foliage  spiders  are  more  likely  to  dis- 
perse by  aerial  ballooning  than  by  walking, 
whereas  the  opposite  is  true  for  ground  spiders 
(Duffey  1956).  Aerial  dispersal  may  be  the  more 
effective  technique  for  moving  large  numbers  of 
spiders  the  relatively  long  distances  between  hab- 
itats, though  probably  most  dispersal  occurs  by 
walking  (Meijer  1977).  Comparison  of  the  two 
foraging  guilds  indicates  that  species  of  web- 
spinning spiders,  though  comprising  only  21% 
of  the  community  in  the  old  field  habitat,  are  as 
equally  likely  as  wanderers  to  occur  in  both  hab- 
itats. Sixty-seven  percent  of  the  wandering  spe- 
cies in  the  old  field  occur  in  cotton,  as  do  73% 
of  the  web-spinners. 

The  comparative  age  structures  of  the  spider 
community  in  both  habitats  may  indicate  attri- 


butes important  in  colonization  of  cotton.  Dur- 
ing the  period  that  cotton  was  present  in  the 
adjacent  field  (April-October),  68%  of  the  pop- 
ulation in  the  old  field  was  immature.  Surveys 
in  cotton  typically  do  not  indicate  the  age  struc- 
ture of  the  entire  spider  community  (e.  g..  Dean 
et  al.  1982;  Whitcomb  et  al.  1963a).  There  are, 
however,  two  published  reports  in  the  U.  S.  A. 
of  the  age  structure  of  dispersing  spider  popu- 
lations adjacent  to  field  crops.  Dean  & Sterling 
(1985)  documented  in  Texas  during  the  period 
of  April  to  August  a dispersing  population  that 
was  83%  immature.  In  Missouri,  Greenstone  et 
al.  (1987)  reported  during  the  period  of  June  to 
October  a dispersing  population  that  was  86% 
immature.  An  extrapolation  from  these  surveys 
suggests  that  the  spider  population  in  the  cotton 
field  adjacent  to  the  old  field  reported  herein 
probably  would  contain  on  a seasonal  basis  ap- 
proximately 85%  immature  spiders.  The  esti- 
mated higher  density  of  immatures  in  cotton 
(85%)  relative  to  the  adjacent  old  field  (68%)  may 
indicate  that  immatures  are  the  principal  dis- 
persing stage  into  cotton.  Reproductive  activity 
and  generation  of  immatures  (and  adults)  does 
occur  in  cotton  (Whitcomb  et  al.  1963a),  though 
late-season  dispersal  out  of  cotton  before  harvest 
and  plant  destruction  is  possible  but  undocu- 
mented. 

Comparison  with  other  field  crops.— -A  body 
of  literature  does  exist  that  compares  in  a habitat 
the  ecological  characteristics  of  foliage  and  ground 
spiders,  and  of  different  feeding  guilds,  but  these 
data  come  not  from  old  fields  but  from  field  crops. 
In  Virginia  soybean  fields,  Ferguson  et  al.  (1984) 
demonstrated  by  pitfall  trapping  and  sweepnet- 
ting that  lycosids  were  the  most  abundant  group 
of  ground  spiders  and  that  oxyopids  were  the 
most  abundant  group  on  foliage.  Peak  popula- 
tion levels  occurred  on  foliage  in  August  and 
September,  while  ground  populations  peaked  in 
June.  These  patterns  were  similar  to  those  at  the 
Washington  County  old  field  site.  Culin  & Rust 
(1980)  used  pitfall  traps  and  the  drop-cloth 
method  in  Delaware  soybeans  and  reported  that 
over  twice  as  many  species  occurred  in  the  foliage 
( 1 05)  as  on  the  ground  (48),  with  only  two  species 
found  in  both  strata.  Almost  all  of  the  species  of 
foliage  spiders  were  captured  exclusively  as  adults, 
or  as  immatures,  suggesting  that  those  were  the 
stages  that  had  migrated  into  the  crop  and  that 
no  in-situ  reproduction  occurred.  Such  was  not 
the  case  for  ground  spiders,  indicating  a more 
established  and  stable  ground  community.  As  in 
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the  Mississippi  study  site,  Oxyopus  salticus,  Mis- 
umenops  sp.,  and  Phidippus  spp.  were  dominant 
foliage  spiders;  and  members  of  the  Linyphiidae 
and  the  Lycosidae  were  dominant  ground  spi- 
ders. 

In  alfalfa,  which  is  perennial  and  usually  re- 
planted in  the  south  after  three  years,  spider  pop- 
ulations are  stablized  by  the  second  year  as  com- 
pared with  an  annual  crop  such  as  soybeans  (Culin 
& Yeargan  1983a,  b).  These  studies  in  Kentucky 
demonstrated  that  spider  populations  in  alfalfa 
foliage  (suction  sampled)  peaked  in  late  fall  or 
winter,  with  a considerable  overwintering  pop- 
ulation in  the  ground  litter.  The  number  of  spe- 
cies on  foliage  (92)  peaked  in  the  second  year  and 
declined  by  25%  in  the  third  year.  By  the  third 
year,  the  number  of  species  remained  constant 
throughout  the  year.  Ground-surface  popula- 
tions (pitfall  sampled)  peaked  in  June  to  August, 
with  the  most  number  of  species  also  occurring 
at  this  time.  The  number  of  ground  spider  spe- 
cies, however,  declined  each  year  (78-64”57). 
The  wandering  guild  on  both  foliage  and  the 
ground  usually  represented  less  than  half  of  the 
total  community  on  a seasonal  basis  and  was 
never  more  abundant  than  web-spinners  during 
any  sampling  period.  Patterns  of  population 
abundance  in  the  two  strata  were  similar  to  those 
in  the  Washington  County  old  field  site;  but  pat- 
terns of  relative  guild  abundance  were  markedly 
different,  i.  e.,  web-spinners  were  never  more 
abundant  than  wanderers  during  any  sampling 
period.  These  ecological  patterns  in  alfalfa  sug- 
gest an  increasing  stability  of  the  spider  com- 
munity through  time  and  may  be  typical  of  more 
advanced  successional  habitats  such  as  old  fields. 

A very  intensive  examination  by  visual,  non- 
trapping techniques  was  conducted  on  the  spider 
community  of  com  in  Florida  (Plagens  1985). 
From  all  strata  1 40  species  were  identified,  with 
the  most  abundant  spiders  including  species  of 
Metaphidippus,  Misumenops,  Pardosa,  and  Peu- 
cetia.  Juvenile  spiders  usually  outnumbered 
adults  by  2:1,  with  similar  seasonal  trends  for 
each  age  class.  Foliage  web-spinners  usually  were 
more  abundant  than  foliage  wanderers,  and 
ground  surface  wanderers  usually  were  more 
abundant  than  ground  web-spinners.  Of  partic- 
ular interest  in  this  study  is  the  demonstration 
of  aerial  movement  between  the  com  fields  and 
adjacent  habitats.  The  intensity  of  movement  as 
indicated  by  captures  at  sticky  wire  traps  was 
relatively  constant  on  a seasonal  basis,  though 
considerably  less  constant  on  a daily  basis.  Over 


an  18 -month  period  approximately  half  of  the 
migrants  captured  were  web-spinners  and  half 
wanderers.  Most  of  the  aerial  migrants  were  small 
and  immature,  with  the  1.0=1. 5 mm  size  class 
representing  45%  of  all  captures.  Considerable 
movement  apparently  occurred  between  the  edge 
of  the  com  fields  and  adjacent  wooded  areas,  as 
the  distribution  of  many  species  was  not  random 
or  evenly  distributed  throughout  a com  field  but 
clumped  along  the  field  margins. 

Potential  role  of  old  field  habitats  in  cotton  pest 
control.— Habitats  adjacent  to  cotton  can  serve 
as  reservoirs  for  both  cotton  pests  and  their  pred- 
ators (Reynolds  et  al.  1982).  The  principal  cotton 
pests  in  Mississippi  are  the  tarnished  plant  bug, 
Lygus  lineolaris  (Palisot),  the  boll  weevil.  An- 
thonomus  grandis  Boh.,  the  cotton  fleahopper, 
Pseudatomoscelis  seriatus  (Reuter),  the  cotton 
aphid.  Aphis  gossypii  Glover,  and  the  bollworm 
and  budworm,  Heliothis  spp.  These  pests  can 
develop  high  population  densities  on  host  plants 
in  adjacent  habitats  before  migrating  into  cotton 
and  causing  damage.  They  subsequently  can 
move  out  of  cotton  and  overwinter  in  these  same 
adjacent  habitats  (Young  1986). 

Spiders  can  be  important  predators  on  cotton 
pests  both  in  cotton  and  in  adjacent  habitats.  In 
cotton,  members  of  the  genera  Argiope  (Nyffeler 
et  al.  1987),  Lycosa  and  Metaphidippus  (Whit- 
comb et  al.  1963a),  and  Misumenops  (Plagens 
1983),  as  well  as  Lactrodectes  mactans  (Fabr.) 
(Whitcomb  et  al.  1 963a),  Oxyopes  salticus  (Lock- 
ley  & Young  1 986b),  and  Phidippus  audax  (Y oung 
1989d),  are  all  documented  predators  on  cotton 
pests.  In  adjacent  habitats,  species  such  as  Mis- 
umena  vatia  (Clerck)  (Lockley  et  al.  1989),  Pi- 
saurina  mira  (Walck.)  (Young  1989b),  and  mem- 
bers of  the  genera  Lycosa  (Nyffeler  et  al.  1986) 
and  Misumenops  (Young  1989c)  are  also  docu- 
mented predators  on  cotton  pests.  Perhaps  the 
most  important  spider  species  in  crop  pest  con- 
trol, however,  are  those  that  are  active  predators 
both  in  stable  habitats  and  in  adjacent  crop  areas. 

There  are  several  species  groups  of  spiders  that 
occur  in  high  densities  in  both  old  field  habitats 
and  in  cotton  that  would  be  prime  candidates 
for  a conservation/augmentation  program  di- 
rected toward  increasing  predation  on  cotton 
pests.  In  the  ground  strata,  members  of  the  ly- 
cosid  genera  Schizocosa,  Pardosa,  and  Lycosa, 
and  members  of  the  thomisid  genus  Xysticus  are 
abundant  in  both  habitats.  In  the  foliage  strata, 
Oxyopes  salticus  Hentz  (Oxyopidae),  Misume- 
noides  formosipes  (Walck.)  (Thomisidae),  and 
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members  of  the  salticid  genus  Phidippus  and  the 
thomisid  genus  Misumenops  are  abundant  in  both 
habitats.  These  species  are  well  documented  as 
important  predators  on  cotton  pests  and  have 
the  potential  to  be  manipulated  in  various  ways 
as  part  of  a strategy  of  enhancing  predation  on 
cotton  pests  (Young  & Edwards  1990). 

CONCLUSION 

Perhaps  the  most  important  conclusion  that 
can  be  drawn  from  the  preceding  presentation  of 
data  and  review  of  the  literature  is  that  very  little 
is  known  about  the  ecology  and  behavior  of  spi- 
ders in  cotton  fields  and  adjacent  habitats.  The 
knowledge  base  may  be  only  slightly  improved 
in  other  crops  and  other  adjacent  habitats.  Most 
of  the  available  data  have  been  collected  in  a 
descriptive  manner  and  is  certainly  not  stan- 
dardized in  such  a fashion  that  suitable  com- 
parisons can  be  made  between  data  sets.  In  truth, 
a definitive  ecological  study  in  the  United  States 
of  the  spiders  of  a field  crop  site  and  an  adjacent 
habitat  has  yet  to  be  published.  Much  more  is 
known  about  pest  species  in  these  various  hab- 
itats than  any  of  their  potential  control  agents, 
as  for  example  the  boll  weevil  and  the  bollworm 
(Metcalf  & Luckmann  1982).  There  should  be 
little  doubt  that  considerable  research  involving 
spiders  needs  to  be  performed  before  they  can 
be  realistically  considered  as  a manageable  unit 
in  an  integrated  pest  control  program,  though 
recent  progress  in  that  direction  is  in  evidence 
(e.  g.,  Nentwig  1988;  Riechert  & Bishop  1990). 
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APPENDIX  A— Ground  and  foliage  spiders  of  an  old  field  habitat,  Washington  County,  Mississippi,  March  1985  to  May  1986,  captured  by  pitfall  traps  and 
sweepnet  (entries  under  monthly  headings  are  mean  number  per  sample,  rounded  to  whole  number  for  species  entries  and  to  0.1  for  family  entries)  (*  = <0.5;  1 
= 0.5- 1.4).  (G  = ground;  F = foliage.)  (Ad  = adult;  Im  = immature.) 
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REDESCRIPTION  AND  THE  SYSTEMATIC  POSITION 
OF  THE  BRAZILIAN  GENUS  XENOCHERNES  FEIO 
(PSEUDOSCORPIONIDA:  CHERNETIDAE) 

Mark  S.  Harvey:  Western  Australian  Museum,  Francis  Street,  Perth,  Western 
Australia  6000,  Australia. 

ABSTRACT.  The  sole  representative  of  Xenochernes  Feio,  X.  caxinguba  Feio  from  Minas  Gerais,  Brazil,  is 
redescribed  from  a small  portion  of  the  type  series,  and  compared  with  the  myrmecophilous  genera  Myrmochernes 
Tullgren  (South  Africa)  and  Marachernes  Harvey  (southern  Australia).  A strong  relationship  based  upon  three 
synapomorphies  was  found  to  exist  between  Myrmochernes  and  Xenochernes,  with  an  apparent  weaker  rela- 
tionship with  Marachernes.  Myrmochernes  and  Xenochernes  are  placed  in  the  Myrmochemetini,  new  status, 
within  the  Chemetinae. 


The  chemetid  fauna  of  South  America  is  di- 
verse, with  some  35  genera  occurring  south  of 
the  Panamanian  isthmus  (Harvey  1991).  Of  these 
genera,  one  of  the  most  peculiar  is  Xenochernes 
Feio,  known  only  from  a single  Brazilian  species, 
X.  caxinguba  Feio.  Indeed  Feio  (1945)  consid- 
ered it  SO  unusual  that  he  raised  the  monotypic 
chemetid  subfamily  Xenochemetinae  for  its  in- 
clusion. Feio  (1945)  also  noted  similarities  with 
Myrmochernes  Tullgren,  then  placed  in  the 
monotypic  family  Myrmochemetidae,  and  Ster- 
nophoridae.  Given  that  Myrmochernes  is  now 
placed  within  the  Chemetidae  (Judson  1 985),  and 
the  Stemophoridae  are  considered  the  sister- 
group  of  the  Cheliferoidea  (Harvey  1992b),  the 
taxonomic  position  of  Xenochernes  deserves  re- 
examination. 

Through  the  courtesy  of  Dr.  Norman  Platnick, 
I have  been  able  to  examine  four  slides  of  type 
material  of  X.  caxinguba  lodged  in  Museu  Na- 
cional,  Rio  de  Janeiro  (MNR),  and  am  now  able 
to  present  a redescription,  highlighting  charac- 
ters overlooked  in  the  original  description.  In 
addition,  the  opportunity  is  taken  to  present  il- 
lustrations of  selected  features  of  M.  africanus 
Tullgren  from  a female  in  the  American  Museum 
of  Natural  History,  New  York  (AMNH),  also 
examined  through  the  kindness  of  Dr.  Platnick. 

Terminology  largely  follows  Chamberlin  (1931) 
and  Harvey  (1992b).  The  number  of  carapacal 
setae  follows  Judson  (1985):  total  setae  (ocular: 
median:  posterior). 

Tribe  Myrmochemetini  Chamberlin,  new  status 

Myrmochemetidae  Chamberlin  1931:  240-24  i ; see  full 

synonymy  under  Chemetidae  in  Harvey  1991:  534. 

Synonymized  with  Chemetidae  by  Judson  1 985:  32 1 . 


Xenochemetinae  Feio  1945:  36-37,  new  synonymy. 
Xenochemetini  Feio:  Beier  1970:  51. 

Diagnosis.— Cheliceral  setae  sbs  and  bs  strong- 
ly clavate;  cheliceral  setae  Is  and  is  nearly  con- 
tiguous; three  flagellar  blades;  chelal  hand  not 
much  wider  than  pedicel. 

Remarks.— The  suprageneric  relationships  of 
chemetids  has  long  proved  taxing.  Muchmore 
(1972,  1974)  has  shown  that  the  limits  of ‘classic’ 
family-group  names  such  as  Lamprochemetinae, 
Chemetinae,  Chemetini  and  Hesperochemetini 
(Beier  1932)  are  in  fact  poorly  defined  entities. 
Legg  (1987)  and  Legg  & Jones  (1988)  have  fur- 
ther compounded  the  problem  by  defining  the 
Chemetinae  and  Lamprochemetinae  solely  based 
upon  western  European  species,  apparently  with- 
out reference  to  the  numerous  genera  which  oc- 
cur outside  of  the  Palaearctic  region,  or  with  ref- 
erence to  two  other  available  subfamily  names, 
Goniochemetinae  Beier  1932,  and  Xenocher- 
netinae  Feio  1945.  Muchmore  (1982)  eloquently 
noted  that  “The  arrangement  of  these  genera  into 
subfamilies  and  tribes  is  in  a state  of  flux.”  Har- 
vey (in  press)  discussed  these  problems  in  further 
detail  and  assigned  seven  genera  to  the  Lam- 
prochemetinae and  three  genera  to  the  Gonioch- 
emetinae. The  remaining  100  or  so  chemetid 
genera,  including  those  discussed  in  this  paper, 
were  provisionally  referred  to  the  Chemetinae, 
even  though  this  is  clearly  a group  not  based 
upon  any  apomorphic  character  states. 

The  two  genera  considered  here  are  placed  in 
the  tribe  Myrmochemetini,  which  is  proposed  as 
a monophyletic  group  supported  by  several  syn- 
apomorphies (see  the  cladistic  analysis  presented 
below).  Although  the  tribe  is  here  regarded  a 
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Figure  L— Cladogram  depicting  suggested  relation- 
ships between  Myrmochemes,  Xenochemes  and  Mar- 
achernes.  Closed  circle  (•)  = apomorphy;  open  circle 
(o)  = homoplasy;  star  (*)  = polarity  uncertain. 


member  of  the  Chemetinae,  further  research  on 
a wide  series  of  chemetids  (not  simply  those  of 
a regional  fauna)  must  be  undertaken  before  a 
definitive  taxonomic  arrangement  can  be  sus- 
tained. 

Included  species.— Myrmochemes  africanus 
Tullgren  1901 , Xenochemes  caxingubaFeio  1945. 

Cladistic  analysis* —Several  characters  were 
scored  to  determine  which  could  define  a close 
relationship  between  Myrmochemes  and  Xen- 
ochernes,  and  which  might  be  used  to  determine 
whether  Marachemes  (Harvey  1992a)  is  related 
to  these  genera  (Table  1). 

Chelicerae:  As  mentioned  above,  My.  african- 
us and  X.  caxinguba  possess  strongly  clavate 
cheliceral  setae  sbs  and  bs,  which  are  only  den- 
ticulate in  Marachemes  (Character  1).  The  al- 
most contiguous  position  of  Is  and  is  in  My.  af- 
ricanus and  X.  caxinguba  is  probably  unique 
amongst  chemetids  (Character  3),  while  the  lack 
of  cheliceral  seta  es  is  found  only  in  My.  africanus 
(Character  2).  The  number  of  flagellar  blades  dif- 
fers between  My.  africanus  + X.  caxinguba  (three) 
and  Marachemes  spp.  (four),  with  no  way  of  de- 
termining the  plesiomorphic  state;  Character  4 
is  thus  left  unpolarized. 

Chelae:  The  presence  of  intemobasal  accessory 
teeth  on  a mound  is  unique  to  males  of  Mar- 
achernes  spp.  (Character  5),  although  it  remains 
to  be  confirmed  for  Ma.  perup  Harvey,  as  males 
are  not  yet  known.  Trichobothrium  est  is  much 
closer  to  esb  than  to  et  in  My.  africanus  and  Ma. 
bellus  Harvey  (Character  6),  clearly  the  result  of 
separate  acquisitions.  The  dorsal  setae  of  the  pe- 
dipalpal  patella  are  acuminate  in  Marachemes 
simulans  Harvey  and  Ma.  perup,  whilst  clavate 
in  the  remaining  species  (Character  7);  the  for- 


mer is  considered  apomorphic  as  the  pedipalpal 
setae  of  other  chemetids  are  either  uniformly 
clavate  or  uniformly  acuminate  (or  nearly  so). 
The  dorsal  chelal  setae  of  all  Marachemes  spp. 
are  acuminate,  whilst  they  are  clavate  in  My. 
africanus  and  X.  caxinguba;  the  former  character 
state  is  treated  as  apomorphic  (Character  8).  The 
chelal  hand  of  My.  africanus  and  X.  caxinguba 
is  barely  wider  than  the  pedicel,  in  contrast  to 
the  narrow  pedicel  of  most  other  chemetids,  in- 
cluding Marachemes  (Character  9).  The  chelal 
hand  of  My.  africanus,  X.  caxinguba  and  Mar- 
achernes  spp.  is  barely  wider  than  the  base  of  the 
fingers,  an  unusual  character  state  amongst  cher- 
netids  (Character  10),  although  not  entirely  re- 
stricted to  this  group.  The  lack  of  both  accessory 
teeth  and  a venom  apparatus  in  My.  africanus 
are  very  unusual  within  the  family  and  consid- 
ered apomorphic  (Characters  11,  12). 

Other  characters:  The  single  spermatheca  found 
in  My.  africanus  contrasts  with  the  paired  sper- 
mathecae  found  in  X.  caxinguba,  Marachemes 
spp.  and  most  other  chemetids  (Character  13). 
The  smooth  anteromedian  area  of  the  carapace 
found  in  X.  caxinguba  and  Ma.  bellus  seems  to 
have  been  independently  derived  from  the  fully 
granulate  carapace  found  in  My.  africanus  (Fig. 
1 2)  and  the  remaining  Marachemes  spp.  (Char- 
acter 14).  The  smooth  median  area  of  the  cara- 
pace is  unique  to  X.  caxinguba  (Character  1 5). 

As  the  results  of  this  analysis  clearly  indicate 
that  Myrmochemes  and  Xenochemes  are  very 
closely  related,  they  are  here  placed  in  their  own 
tribe,  Myrmochemetini,  within  the  Chemetinae. 
Conversely,  there  is  less  evidence  for  the  inclu- 
sion of  Marachemes  within  the  tribe.  The  only 
character  state  that  is  likely  to  support  the  mono- 
phyly  of  all  three  genera  (Character  10)  is  also 
found  in  other  chemetid  genera  and  is,  in  fact, 
very  difficult  to  quantify.  Therefore,  Marach- 
ernes  is  here  excluded  from  the  Myrmocheme- 
tini, and  remains  incertae  sedis  (along  with  nu- 
merous other  genera)  in  the  Chemetinae  until 
further  phylogenetic  analyses  are  conducted  on 
a much  wider  range  of  chemetids. 

Genus  Xenochemes  Feio 

Xenochemes  Feio  1945:  37.  Type  species  Xenochemes 

caxinguba  Feio  1945,  by  original  designation. 

Diagnosis* —Differs  from  all  other  chemetid 
genera  by  the  following  combination  of  charac- 
ters: cheliceral  setae  bs  and  sbs  clavate,  Is  and  is 
nearly  contiguous;  female  with  two  spherical 
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Table  L— Character  matrix  for  Myrmochernes,  Xenochernes  and  Marachernes  (see  text  for  explanation). 


Character: 

plesiomorphy;  apomorphy 

Myrmo- 

chernes 

africanus 

Xeno- 

chernes 

caxinguba 

Mara- 

chernes 

bellus 

Mara- 

chernes 

simulans 

Mara- 

chernes 

perup 

1 . Cheliceral  setae  sbs  and  bs: 
denticulate;  clavate 

1 

1 

0 

0 

0 

2.  Cheliceral  seta  es: 
present;  absent 

i 

0 

0 

0 

0 

3.  Cheliceral  setae  Is  and  is: 

separated;  nearly  contiguous 

1 

1 

0 

0 

0 

4.  Flagellum,  number  of  blades: 

3 

3 

4 

4 

4 

5.  Chelal  hand  of  male,  intemobasal  accessory 

teeth  on  mound: 
absent;  present 

0 

0 

1 

1 

7 

6.  Trichobothrium  est  much  closer  to  esb  than 

to  et: 

no;  yes 

1 

0 

1 

0 

0 

7.  Pedipalpal  patella,  dorsal  setae: 
clavate;  acuminate 

0 

0 

0 

1 

1 

8.  Pedipalpal  chela,  dorsal  setae: 
clavate;  acuminate 

0 

0 

1 

1 

1 

9.  Chelal  hand: 

much  wider  than  pedicel; 

not  much  wider  than  pedicel 

1 

0 

0 

0 

10.  Chelal  hand: 

much  wider  than  base  of  fingers; 
not  much  wider  than  base  of  fingers 

1 

1 

1 

1 

1 1 . Chelal  accessory  teeth: 
present;  absent 

1 

0 

0 

0 

0 

12.  Venom  apparatus: 
present;  absent 

1 

0 

0 

0 

0 

13.  Spermathecae: 
paired;  single 

1 

0 

0 

0 

0 

14.  Carapace,  anteromedian  area: 
granulate;  smooth 

0 

1 

1 

0 

0 

15.  Carapace,  median  area: 
granulate;  smooth 

0 

1 

0 

0 

0 

spermathecae;  chelal  hand  not  much  wider  than 
pedicel. 

Description. —Pleural  membrane  longitudi- 
nally striate.  Most  vestitural  setae  strongly  cla- 
vate.  Fixed  chelal  finger  with  eight  trichobothria, 
movable  chelal  finger  with  four  trichobothria, 
distributed  as  in  Figs.  2,  3.  Fixed  finger  with 
external  and  internal  accessory  teeth;  movable 
finger  without  accessory  teeth;  movable  chelal 
finger  without  intemobasal  accessory  teeth  or 
mound.  Venom  apparatus  present  in  movable 
chelal  finger.  Chelicera  with  five  setae  on  hand, 
sbs  and  bs  clavate,  Is  and  is  nearly  contiguous. 
Flagellum  with  three  blades.  Carapace  with  nu- 
merous setae  (<  170);  with  two  distinct  furrows; 
coarsely  granulate,  except  for  anteromedian  and 


median  areas  which  are  virtually  smooth.  Ter- 

gites  biseriate.  Female  genitalia  with  two  round- 
ed spermathecae.  Legs:  all  tarsi  with  subbasal  slit 
sensillum;  anterior  legs  with  oblique  junction  be- 
tween femur  and  patella;  tarsus  IV  without  tactile 
seta. 

Remarks.— As  stated  above,  Feio  (1945)  noted 
certain  resemblances  between  Xenochernes  and 
two  other  pseudoscorpion  groups,  Myrmo- 
chernes and  the  Stemophoridae.  Although  Feio 
(1945)  dismissed  such  resemblances  as  unim- 
portant, it  is  best  to  reanalyze  the  relationships 
of  the  genus  in  the  light  of  recent  changes  in  our 
understanding  of  the  relationships  and  classifi- 
cation of  pseudoscorpions  (Judson  1985;  Harvey 
1992b). 
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The  lack  of  a venom  apparatus  in  the  fixed 
chelal  finger  and  the  oblique  junction  of  the  an- 
terior femora  and  patellae  clearly  place  X cax- 
inguba  in  the  Chemetidae  (Harvey  1992b),  where 
it  shares  several  important  character  states  with 
My.  africanus,  recently  shown  to  be  a chemetid 
(Judson  1985)  (see  above). 

As  attested  by  Feio  (1945),  a relationship  with 
the  Stemophoridae  is  not  apparent,  despite  his 
assertion  that  a pseudostemum  is  present  in  X. 
caxinguba.  Whilst  a very  small  section  of  cutic- 
ular  membrane  is  apparent  between  coxae  III 
and  IV,  it  is  certainly  not  equivalent  to  the  ex- 
tensive pseudostemum  found  in  stemophorids 
(Chamberlin  1931;  Harvey  1985). 

Beier  (1970)  compared  Xenochernes  and  Myr- 
mochernes  with  the  South  American  myrmeco- 
phile  Syndeipnochernes  Beier,  which  is  now  con- 
sidered a junior  synonym  of  Sphenochernes  Turk 
(Mahnert  1985).  The  three  species  currently  at- 
tributed to  this  genus  are  known  from  the  nests 
of  the  ants  Acromyrmex  lundi  (Guerin)  and 
Camponotus  rufipes  (Fabricius)  (Mello-Leitao 
1925;  Turk  1953;  Beier  1970).  Sphenochernes 
spp.  lack  the  two  distinguishing  features  of  Myr- 
mochernes  and  Xenochernes  (e.g.,  position  of 
cheliceral  setae  Is  and  is,  and  the  clavate  cheli- 
ceral  setae  ebs  and  es),  and  is  clearly  not  closely 
related  to  either  genus. 

Xenochernes  caxinguba  Feio 
Figs.  2-10 

Xenochernes  caxinguba  Feio  1945:  37-40,  figs.  28-32; 

Harvey,  1991:  639. 

Types  examined.— Holotype  6,  allotype  2,  Pir- 
apora,  Minas  Gerais,  Brazil  (17®20'S;  44°54'W), 
13  Febmary  1942,  J.  Moojen  and  A.  Passareli 
(MNR;  KOH  treated  and  mounted  on  a single 
microscope  slide).  Three  additional  slides  la- 
belled “paratipo”  containing  the  uncleared  ap- 
pendages of  adults:  1 leg  I,  1 leg  IV  (slide  105b); 
right  pedipalp,  with  chela  separated  from  patella 
(slide  105d);  right  chelicera,  1 leg  1, 1 leg  IV  (slide 
105e). 

Diagnosis.— As  for  genus. 

Description. Color  of  KOH  treated 
specimens  pale  yellow-brown;  of  uncleared  ap- 
pendages, such  as  pedipalps  and  legs,  red-brown. 
Pleural  membrane  longitudinally  striate.  Pedi- 
palps: (Fig.  2)  trochanter  1.49  (6),  1.48  (2),  femur 
abruptly  pedicellate,  3.33  (3),  3.07  (2),  patella 
2.77  (3),  2.68  (2),  chela  (with  pedicel)  3.82  (3), 
3.52  (2),  chela  (without  pedicel)  3.61  (3),  3.38  (2), 


hand  (without  pedicel)  2.27  (3),  2.15  (2)  times 
longer  than  broad;  movable  finger  0.60  (3),  0.59 
(2)  times  as  long  as  hand.  Pedipalps  with  coarse 
granulation  on  trochanter,  femur,  patella  and 
most  of  chela,  granulation  less  distinct  on  ventral 
surfaces,  chelal  fingers  largely  smooth;  setae  cla- 
vate. Chelal  hand  not  much  wider  than  pedicel. 
Fixed  chelal  finger  with  eight  trichobothria, 
movable  chelal  finger  with  four  trichobothria 
(Figs.  2,  3);  it  midway  between  isb  and  tip  of 
finger;  est  slightly  closer  to  esb  than  to  et\  isb  on 
approximately  same  level  as  est;  st  slightly  closer 
to  t than  to  sb.  Fixed  finger  with  19  (3),  17  (2) 
slightly  spaced  marginal  teeth,  plus  three  (3),  two 

(2)  external  and  one  (3,2)  internal  accessory  teeth; 
movable  finger  with  22  (3),  ca.  18  (2)  moderately 
spaced  marginal  teeth,  with  no  accessory  teeth; 
3 movable  chelal  finger  without  intemobasal  ac- 
cessory teeth  or  mound.  Venom  apparatus  pres- 
ent in  movable  chelal  finger,  terminating  in  no- 
dus ramosus  situated  midway  between  st  and  t. 
Manducatory  process  smooth,  with  four  acu- 
minate setae,  two  situated  distally,  one  medially 
and  one  basally.  Chelicera  (Fig.  5)  with  five  setae 
on  hand,  sbs  and  bs  clavate.  Is  and  is  nearly 
contiguous,  separated  by  less  than  one  areolar 
diameter;  serrula  exterior  with  ca.  18  (3,  2)  la- 
mellae; galea  of  unassociated  chelicera  (slide  1 05e) 
small,  triangular  with  several  small  rami;  flagel- 
lum (Fig.  6)  composed  of  three  blades,  distal  blade 
denticulate  in  distal  half,  others  apparently 
smooth.  Carapace  (Fig.  4)  with  210  [72:  98:  40] 

(3) ,  176  [67:  68:  41]  (2)  setae,  including  15  (3), 
1 6 (2)  on  posterior  margin;  0.9 1 (3),  0.89  (2)  times 
longer  than  broad;  two  distinct  furrows,  posterior 
furrow  much  closer  to  posterior  margin  of  car- 
apace than  to  anterior  furrow;  surface  coarsely 
granulate,  except  for  anteromedian  and  median 
areas  which  are  virtually  smooth.  Tergites  ll-X 
and  stemites  IV-X  divided.  Tergal  chaetotaxy 
(entire  segments):  3,  32:  35:  33:  39:  37:  40:  39: 
39:  35:  36:  28:  2;  2,  40:  40:  39:  40:  39:  41:  52: 
5 1:  44:  36:  26:  2;  setae  arranged  in  two  indistinct 
rows.  Sternal  chaetotaxy  (entire  segments):  3,  ca. 
60:  (3)7[4](3):  (1)7(2):  12:  13:  15:  16:  15:  12:  8: 
2;  2,  30:  (2)8(2):  (2)4(1):  13:  17:  21:  19:  20:  13: 
8:  2.  Stemite  XI  without  tactile  setae.  Genital 
opercula  of  male:  with  numerous  large  setae;  sev- 
eral pairs  of  slit  sensilla  on  anterior  operculum, 
numerous  smaller  sensillae  present  on  posterior 
operculum.  Male  genitalia  normal  for  family. 
Genital  opercula  of  female  (Fig.  9):  anterior  oper- 
culum with  small  setae  arranged  in  an  inverted-U 
pattern.  Female  genitalia  (Fig.  10)  with  two 
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Figures  2-10.— Xenochernes  caxinguba  Feio.  2,  left  pedipalp,  dorsal,  holotype  6;  3,  right  chela,  lateral,  paratype 
adult,  slide  105d;  4,  carapace,  depicting  setae  (left  side)  and  granulations  (right  side),  holotype  S;  5,  right  chelicera, 
dorsal,  paratype  adult,  slide  105b;  6,  right  flagellum,  paratype  adult,  slide  105b;  7,  leg  I,  paratype  adult,  slide 
105e;  8,  leg  IV,  paratype  adult,  slide  105e;  9,  female  genital  opercula,  allotype  9;  10,  spermathecae,  allotype  9. 
Scale  lines:  0.5  mm  (Figs.  2-4,  7,  8),  0.2mm  (Figs.  5,  6,  9,  10). 
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Figures  1 1,  \l,~~Myrmochernes  africanus  Tullgren,  2,  Grahamstown,  South  Africa  (AMNH).  11,  right  pedi- 
palp,  dorsal;  12,  carapace,  depicting  setae  (left  side)  and  granulations  (right  side).  Scale  line:  0.5  mm. 

(right  side).  Scale  line:  0.5  mm. 


spherical  spermathecae;  spermathecal  ducts  tu- 
bular, basal  openings  not  visible.  Legs:  all  tarsi 
with  subbasai  slit  sensillum;  legs  I (Fig.  7)  and 
II  with  oblique  junction  between  femur  and  pa- 
tella; leg  IV  (Fig.  8):  femur  + patella  2.39  (6), 
2.41  (2)  times  longer  than  broad;  tarsus  without 
tactile  seta. 

Dimensions  (mm),  holotypeS  (allotype  9):  body 
length  2.32  (2.28).  Pedipalps:  trochanter  0.35/ 
0.235  (0.3 1/0.2 1),  femur  0.70/0.2 1 (0.645/0.2 1), 
patella  0.595/0.215  (0.535/0.20),  chela  (with 
pedicel)  0.975/0.255  (0.915/0.26),  chela  (with- 
out pedicel)  0.92  (0.88),  movable  finger  length 
0.35  (0.33),  hand  length  0.58  (0.56).  Chelicera 
0.22/0.11  (0.215/0.12),  movable  finger  length 
0.155  (0.17).  Carapace  0.91/1.00  (0.825/0.925). 
Leg  I:  femur  + patella  0.41/0.19  (0.40/0.195), 
tibia  0.32/0.11  (0.29/0.12),  tarsus  0.24/0.08 
(0.31/0.09).  Leg  IV:  femur  + patella  0.55/0.23 
(0.53/0.22),  tibia  0.42/0.12  (0.38/0.125),  tarsus 
0.265/0.075  (0.28/0.095). 

Remarks.— Of  the  7 S,  72,  and  8 juveniles  men- 
tioned by  Feio,  I have  been  able  to  examine  only 
the  holotype,  allotype  and  miscellaneous  ap- 
pendages of  an  unspecified  number  of  unsexed 
adults. 

Genus  Myrmochernes  Tullgren 

Myrmochernes  Tullgren  1907:  59-60;  Harvey  1991: 

604  (full  synonymy).  Type  species  Myrmochernes 

africanus  Tullgren  1907,  by  monotypy. 

Diagnosis.— Differs  from  all  other  chemetid 
genera  by  the  following  combination  of  charac- 


ters: cheliceral  setae  bs  and  sbs  clavate,  Is  and  is 
nearly  contiguous;  female  with  single  spherical 
spermatheca  with  short  duct;  chelal  hand  not 
much  wider  than  pedicel. 

Description.— See  Judson  (1985). 

Myrmochernes  africanus  Tullgren 
Figs.  1D12 

Myrmochernes  africanus  Tullgren  1907:  60-61,  figs. 

18a-e;  Harvey  1991:  639  (full  synonymy). 

Material  examined.  — 1 2,  Grahamstown,  South 
Africa,  Goodnight  (AMNH),  apparently  slide- 
mounted  by  the  late  C.  C.  Hoff  (S-366). 

Diagnosis.—  As  for  genus. 

Description. See  Judson  (1985). 

Remarks.—  This  additional  female  differs  very 
little  from  those  specimens  described  by  Judson 
(1985).  The  figures  presented  here  provide  fur- 
ther detail  to  the  previous  descriptions  (Tullgren 
1907;  Beier  1932;  Judson  1985). 
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NEARCTIC  SPEOES  OF  THE  WOLF  SPIDER 
GENUS  RABIDOSA  (ARANEAE:  LYCOSIDAE) 

Allen  R.  Brady  and  Kelly  S.  McKinley':  Department  of  Biology,  Hope  College, 
Holland,  Michigan  49423  USA 

ABSTRACT.  The  previously  monotypic  North  American  spider  genus  Rabidosa  Roewer  is  characterized  and 
expanded  to  include  five  species:  Rabidosa  rabida,  R.  santrita,  R.  punctulata,  R.  carrana  and  R.  hentzi,  all 
originally  described  under  Lycosa.  Descriptions,  diagnoses,  illustrations,  distribution  maps,  natural  history  notes 
(where  known),  a provisional  phylogeny,  and  an  identification  key  are  provided  for  these  five  species. 


This  investigation  is  part  of  a study  of  the  sys- 
tematics  of  the  Nearctic  Lycosidae,  focused  pri- 
marily upon  those  wolf  spiders  described  in  the 
genus  Lycosa.  Well  over  50  species  of  medium- 
to-large  size  wolf  spiders  from  the  Nearctic  Re- 
gion have  been  described  in  this  genus.  Studies 
of  Lycosa  by  the  senior  author  over  the  past  1 5 
years  have  disclosed  considerable  heterogeneity 
in  taxonomic  characters  such  as  color  patterns, 
eye  arrangement,  and  genitalic  features  of  males 
and  females.  Comparison  of  Lycosa  tarentula 
Linnaeus,  the  type  species  of  the  genus  Lycosa, 
with  North  American  species  of  Lycosa  discloses 
few  similarities  in  these  characters.  Because  of 
this,  Dondale  & Redner  (1990)  have  transferred 
many  of  the  large  species  of  North  American  wolf 
spiders  formerly  placed  in  Lycosa  to  the  genus 
Hogna.  The  generic  name  Hogna  was  first  used 
by  Simon  (1 885)  for  the  species  known  as  Lycosa 
radiata  Latreille,  which  is  apparently  related  to 
North  American  species  in  genitalic  character- 
istics. 

In  preliminary  studies,  certain  shared  char- 
acteristics (color  pattern,  genitalic  characters,  leg 
length  relative  to  body  dimensions,  and  eye-row 
relationships)  were  used  to  distinguish  distinct 
groups  of  species  placed  in  Lycosa.  Trochosa  as 
defined  by  Brady  (1979),  Varacosa  separated  from 
Trochosa  by  Jimenez  & Dondale  (1987),  Glad- 
icosa  established  by  Brady  (1 986),  and  Rabidosa, 
described  here,  contain  species  formerly  placed 
in  Lycosa.  The  scrutiny  and  definition  of  these 
four  genera  should  prove  useful  in  determining 
the  evolutionary  relationships  of  the  remaining 


North  American  species  described  under  Lycosa. 
With  these  genera  as  yardsticks,  an  attempt  will 
be  made  to  establish  synapomorphies  at  the  spe- 
cies group  or  generic  level. 

This  study  is  centered  upon  a group  of  species 
formerly  described  as  Lycosa  rabida,  L.  punc- 
tulata,  L.  santrita,  L.  carrana  and  L.  hentzi,  and 
treated  as  the  genus  Rabidosa.  These  species  were 
closely  examined  to  determine  their  relation- 
ships to  one  another.  Similarities  in  dorsal  color 
pattern,  structure  of  the  male  and  female  geni- 
talia, behavioral  features,  habitat  preferences,  and 
geographic  distribution  were  considered  in  the 
attempt  to  evaluate  their  evolutionary  relation- 
ships. 

Genus  Rabidosa  Roewer 

Lycosa  {p3.n).  Walckenaer  1837;  320.  Hentz  1844: 390; 
1875:  31,  32.  Marx  1883:  25;  1890:  563;  1892:  160. 
Emerton  1885:  490, 491;  1902:  76;  1909:  206;  1914: 
149,  150,  157.  Stone  1890:  422,  427.  Banks  1892: 
66;  1895a:  91;  1895b:  205;  1898:  268;  1899:  189; 
1900:  538;  1901a:  183;  1901b:  587;  1904:  134,  135; 
1907:744;  1910:56,57;  1911:454;  1916;  81.  Simon 
1898:  329,  330,  346.  Tullgren  1901:  21.  Montgom- 
ery 1902:  537,  552,  553;  1903a:  72,  77;  1903b:  647; 
1904:  277,  288,  289.  Scheffer  1905a:  119;  1905b: 
190;  1906:  126.  Bryant  1908;  85,  86;  1934:  38. 
Chamberlin  1908: 224, 253, 256.  Petrankevitch  1911: 
561,  565,  566.  Bilsing  1913:  215.  Comstock  1913: 
628, 637;  1 940: 643, 648.  Barrows  1918:314.  Bishop 
1924:  11.  Bishop  & Crosby  1926:  208,  Crosby  & 
Bishop  1928:  1067.  Ewing  1933:  173,  193.  Worley 
& Pickwell  1931:91,95.  Banks  et  al.  1932:  32.  New- 
port 1932:46.Chickering  1935:  584.  Gertsch& Wal- 
lace 1935:  18.  Jones  1936:  69.  Kaston  1938:  184; 
1948:  321,  322,  324,  325;  1953:  150,  151;  1972: 
204;  1978:  194,  195;  1981:  321,  322,  324,  325,  932. 
Wallace  1937:  108.  Chamberlin  & Me  1942;  37; 
1944:  145,  146.  Gertsch  1949:  200;  1979:  187. 


'Present  address:  Monroe  County  Solid  Waste  Man- 
agement District,  1 040  West  1 7 th  Street,  Bloomington, 
Indiana  47404  USA 
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Roewer  1954: 263, 278, 290,  305;  1958:  581.  Bonnet 
1957:  2617,  2637,  2644.  Kuenzler  1958:  494.  Fitch 
1963:  102,  111.  Eason  1964:  13.  Whitcomb  & Bell 
1964:  45.  Eason  & Whitcomb  1965:  11.  Whitcomb 
1967:  1.  Gaddy  & Morse  1985:  67,  92, 133.  Dondale 
&Rednerl990:  35,  38,41. 

Dolomedes  Walckenaer  1837:  347. 

Isohogna  (part).  Roewer  1954:  263. 

Megarctosa  (part).  Roewer  1954:  278. 

Rabidosa  Roewer  1954:  290;  1959:  581. 

Varacosa  (part).  Roewer  1954:  305. 

Hogna  (part)  Dondale  & Redner  1990:  35,  38,  41. 

Type  species.— rabida  Walckenaer  by 
original  designation. 

Etymology. —The  generic  name  is  derived  from 
the  Latin  rabidus  (to  rave)  and  the  Greek  osa 
(full  of,  like).  Freely  translated  this  would  be 
“fierce.” 

Diagnosis.— may  be  distinguished 
from  other  lycosid  genera  by  the  following  com- 
bination of  characters:  1.  Carapace  with  pale 
background  color  (pale  yellow  to  brownish  yel- 
low), and  with  pair  of  dark  brown  to  black,  rel- 
atively broad  longitudinal  stripes  from  clypeus 
to  posterior  declivity  (except  R.  hentzi);  2.  Dor- 
sum of  abdomen  with  dark  brown  median  stripe 
flanked  by  lighter  yellowish  color  (except  R.  hen- 
tzi); 3.  Legs  relatively  long  when  compared  to 
body  (i.  e.,  longer  than  in  Trochosa,  Varacosa, 
Gladicosa,  and  most  species  now  in  Hogna);  4. 
Legs  without  distinct  annulations;  5.  Palpus  with 
two  terminal  apophyses  which  are  slender,  sick- 
le-shaped; 6.  Median  apophysis  with  spur  near 
base;  7.  Spider  non-burrowing;  and,  8.  Spider 
preferring  grassy  vegetation  and/or  small  shrubs 
for  substrate  rather  than  bare  ground  or  leaf  lit- 
ter. 

Description.— Total  length  8. 1-27.0  mm.  Car- 
apace length  4. 1 to  12.4  mm;  width  3.2-9. 1 mm. 
See  Tables  1-5  for  further  dimensions.  Carapace 
viewed  dorsally,  narrowing  at  level  of  PLE  row; 
smoothly  convex  along  lateral  margins  with  pos- 
terior margin  concave;  viewed  laterally  essen- 
tially the  same  height  from  eye  region  to  poste- 
rior declivity  (highest  point  is  posterior  cephalic 
region  in  front  of  dorsal  groove  with  the  carapace 
sloping  slightly  anteriorly).  Dorsal  groove  long, 
distinct.  Cephalothorax  (Figs.  1-4,  6-9)  ground 
color  cream  or  pale  yellow  to  brownish  yellow 
with  a pair  of  conspicuous  longitudinal  dark 
brown  to  black  stripes,  except  R.  hentzi  (Figs.  5, 
10).  Abdomen  (Figs.  1-4,  6-9)  with  a median 
dorsal  dark  stripe  surrounded  by  paler  yellowish 
on  each  side,  except  R.  hentzi  (Figs.  5,  10). 


Anterior  median  eyes  (AME)  slightly  larger 
than  anterior  lateral  eyes  (ALE).  Anterior  eye 
row  much  narrower  than  posterior  median  eye 
row  (PME)  with  dorsal  tangent  slightly  pro- 
curved.  Posterior  lateral  eye  row  (PLE)  much  the 
widest  (see  Tables  1-5). 

Chelicerae  dark  reddish  brown  to  black;  an- 
terior and  posterior  margins  each  with  three  teeth; 
the  anterior  teeth  more  closely  spaced. 

Legs  when  compared  to  body  dimensions  rel- 
atively longer  than  in  Trochosa,  Varacosa,  and 
Gladicosa,  without  distinct  annulations;  yellow, 
yellow-orange  to  golden  brown,  becoming  darker 
distally.  In  the  male  of  rabida  most  of  leg  I is 
dark  brown  to  black.  Order  of  leg  length  IV-I- 
II-III. 

Tibial  macrosetation  from  basal  to  apical  re- 
gion. Female:  leg  I,  2-2-2  ventral,  1-1  prolateral; 
leg  II,  2-2-2  ventral,  1-1  prolateral;  leg  III,  2-2-2 
ventral,  1-1  prolateral,  1-1  retrolateral,  1-1  dor- 
sal; leg  IV,  2-2-2  ventral,  1-1  prolateral,  1-1  re- 
trolateral, 1-1  dorsal.  Tibial  macrosetation 
of  male  is  the  same  with  the  addition  of:  leg  I, 
1-1  retrolateral,  0-1  dorsal;  leg  II,  1-1  retrolater- 
al, 0-1  dorsal. 

Dorsal  abdominal  pattern  with  a broad  me- 
dian longitudinal  dark  stripe;  either  solid  dark 
brown  or  black  in  R.  punctulata  and  R.  carrana 
(Figs.  3,  4,  8,  9)  or  the  posterior  half  with  white 
spots  in  R.  rabida  (Figs.  1,  6)  or  chevrons  in  R. 
santrita  (Figs.  2,  7);  or  light  with  dark  chevrons 
in  R.  hentzi  (Figs.  5,  10).  Venter  of  abdomen 
with  median  area  cream  to  light  beige;  lateral 
areas  often  marked  with  spots  of  darker  hair  in 
R.  rabida,  R.  santrita,  and  R.  hentzi.  Sternum 
cream  to  light  tan.  Venter  with  large  black  spots 
{R.  punctulata),  or  black  with  six  white  spots  {R. 
carrana). 

Epigynum  (Figs.  13,  14)  with  median  septum 
in  shape  of  inverted  “T”  lying  in  deep  atrium 
{at).  Longitudinal  piece  {Ip)  longer  than  width  of 
transverse  piece  {tp).  Distinct  hood  {hd),  with 
deep,  paired  openings,  situated  at  anterior  end 
of  septum.  Spermathecae  {sp)  round  to  ovoid; 
distinctly  different  in  each  species. 

Male  palp  with  stridulatory  file  at  retrolateral 
apex  of  tibia.  Cymbium  with  cluster  of  macro- 
setae  at  tip,  with  stridulatory  scraper  at  retrola- 
teral base.  Male  palpal  sclerites  as  seen  in  ventral 
and  retrolateral  view  (Figs.  11,  12):  palea  ipa) 
rounded  with  sclerotized  knob  at  base,  traversed 
by  sclerotized  ridges  or  anelli  {an);  embolus  {em) 
curving  counter  clockwise  and  drawn  into  a fine, 
hair-like  structure,  except  in  R.  punctulata  where 
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Figures  1-5, —Dorsal  views  of  female  Rabidosa:  1.  R.  rabida  (Walckenaer),  Sherman,  Grayson  Co.,  Texas, 
25  July  1963;  2.  R.  santrita  (Chamberlin  and  Ivie),  Madera  Canyon,  Santa  Rita  Mtns.,  Santa  Cruz  Co,,  Arizona, 
9 Sept.  1941;  3.  R.  punctulata  (Hentz),  New  Canaan,  Fairfield  Co.,  Connecticut,  Sept.  1955;  4.  R.  carrana, 
Tybee  Island,  Chatham  Co.,  Georgia,  5 Dec.  1962;  5.  R.  hentzi  (Banks),  Gainesville,  Alachua  Co.,  Florida,  14 
June  1935, 
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Figures  6--10. —Dorsal  views  of  Rabidosa  males:  6.  R.  rabida  (Walckenaer),  Sherman,  Grayson  Co.,  Texas; 
25  July  1963;  7.  R,  santrita  (Chamberlin  and  Ivie),  Madera  Canyon,  Santa  Rita  Mtns.,  Santa  Craz  Co.,  Arizona, 
9 Sept.  1941;  8.  R.  punctuiata  (Hentz),  New  Canaan,  Fairfield  Co.,  Connecticut,  Sept  1955;  9.  R.  carrana 
(Bryant),  Tybee  Island,  Chatham  Co.,  Georgia,  5 Dec.  1962;  10.  R.  hentzi  (Banks),  Umatilla,  Lake  Co.,  Florida, 
14  June  1935. 
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it  is  flattened  and  blade-like  (Fig.  19).  The  em- 
bolus is  supported  by  two  sickle-shaped  terminal 
apophyses,  the  first  {sta)  partly  hidden  by  the 
tegulum  {tg)  and  supporting  the  tip  of  the  em- 
bolus subterminally,  the  second  {ta)  paralleling 
the  tip  of  the  embolus.  Both  the  first  apophysis 
and  the  tip  of  the  embolus  rest  within  the  cup- 
like tegular  lobe,  considered  to  be  the  conductor 
{cd).  Median  apophysis  {ma)  with  a flattened  ridge 
extending  retrolaterally  and  coming  to  a point 
near  the  margin  of  the  cymbium  (cy),  and  with 
heavily  sclerotized  spur  directed  medially. 

METHODS 

Methods  and  techniques  of  measurement  are 
as  described  for  Trochosa  (Brady  1979).  Mea- 
surements of  10  males  and  10  females  of  each 
species  are  listed  in  mm  and  the  mean  and  stan- 
dard error  (SEM)  are  given. 

Color  descriptions  are  based  upon  appearance 
of  most  specimens  illuminated  by  microscope 
lamp  and  observed  under  low  power  of  the  dis- 
secting microscope.  Under  “Records”  specific 
localities  are  given  for  uncommon  species  and 
for  the  peripheral  localities  of  common  species; 
otherwise  localities  of  specimens  examined  are 
indicated  by  counties. 

Key  To  Species  of  Rabidosa 

la.  Abdomen  without  median  dorsal  longitudi- 
nal dark  stripe.  Central  area  of  abdomen 
lighter  in  color  than  lateral  areas  (Figs.  5,  10). 

Male  and  female  genitalia  as  in  Figures  27- 

30  hentzi 

lb.  Abdomen  with  median  dorsal  longitudinal 

dark  stripe,  flanked  by  lighter  color  (Figs.  1- 
4,6-9)  2 

2a.  Dorsal  longitudinal  dark  stripe  on  abdomen 
enclosing  four  pairs  of  white  spots  posteriorly 
(Figs.  1,  6).  Male  and  female  genitalia  as  in 

Figs.  11-14  rabida 

2b.  Dorsal  longitudinal  dark  stripe  on  abdomen 
traversed  by  white  chevrons  (Figs.  2,  7),  or 

solidly  dark  (Figs.  3,  4,  8,  9)  3 

3a.  Dorsal  longitudinal  dark  stripe  interrupted 
by  white  chevrons  (Figs.  2,  7),  Male  and  fe- 
male genitalia  as  in  Figs.  15-18.  Restricted 

to  Arizona  santrita 

3b.  Dorsal  longitudinal  dark  stripe  solid  in  color 

(Figs.  3,  4,  8,  9),  eastern  United  States  4 

4a.  Venter  of  abdomen  posterior  to  epigastric 
furrow  pale  brownish  yellow  with  irregular 
pattern  of  large  black  spots.  Male  and  female 

genitalia  as  in  Figs.  19-22  .punctulata 

4b.  Venter  of  abdomen  posterior  to  epigastric 


furrow  black  with  three  pairs  of  white  spots. 

Male  and  female  genitalia  as  in  Figs.  23-26 
carrana 


Rabidosa  rabida  (Walckenaer) 

Figs.  1,  6,  11-14.  Map  1 

Lycosa  rabida  Walckenaer  1837:  320.  Female  holotype 
from  New  York  State,  destroyed.  Banks  1901b:  183; 
1 904: 1 35;  1 9 1 0:  57;  1 9 1 1 : 454.  Petrunkevitch  1911: 
565.  Bishop  & Crosby  1926:  208.  Crosby  & Bishop 
1928:  1067.  Worley  & Pickwell  1931:  95.  Banks  et 
al.  1932:  32.  Newport  1932:  46.  Kaston  1938:  184; 
1948:  321,  322,  324,  pi.  40,  figs.  1077-1079,  pi.  58, 
fig.  2006  39;  1953:  151,  fig.  381;  1972:  204,  fig.  465; 
1978:  195,  fig.  498;  1981:  321,  322,  324,  932,  pi. 
40,  figs.  1077-1079,  pi.  58,  fig.  2006,  39.  Wallace 
1937:  108.  Comstock  1940:  643,  648,  fig.  723,  9. 
Chamberlin  & Ivie  1944:  146.  Gertsch  1949:  200, 
1979:  187.  Bonnet  1957:  2617.  Fitch  1963:  111,  fig. 
49,  9.  Eason  1964:  13.  Whitcomb  & Bell  1964:  45. 
Eason  & Whitcomb  1965:  1 1 . Gaddy  & Morse  1985: 
67,  92,  133. 

Lycosa  scutulata  Hentz  1844:  390,  pi.  18,  figs.  1,  2,  39. 
Male  and  female  syntypes  from  Alabama,  destroyed. 
Hentz  1875:  32,  pi.  4,  figs.  1,  2,  39.  Marx  1883:  25; 
1890:  563;  1892:  160.  Emerton  1885:  491,  pi.  48, 
fig.  2,  9;  1902:  76,  fig.  183,  9;  1914:  149,  150,  157. 
Stone  1890:  422,  427.  Banks  1892:  66;  1895a:  91; 
1895b:  205;  1899:268;  1900:538;  1901a:  183;  1904: 
135;  1907:  744;  1910:57;  1911:454;  1916:  81.  Simon 
1898:  329,  330,  346.  Tullgren  1901:  21.  Montgom- 
ery 1902:  537,  553,  pi.  29,  figs.  15,  16,  39;  1903a: 
72;  1903b:  647;  1904:  277,  289.  Scheffer  1905a:  1 19; 
1 905b:  1 90.  Bryant  1 908:  86.  Chamberlin  1 908:  224, 
253,  pi.  17,  fig.  9;  pi.  18,  fig.  1,39.  Bilsing  1913:  215. 
Comstock  1913:  628,  637,  fig.  723,  9.  Barrows  1918: 
314.  Jones  1936:  69. 

Dolomedes  lineatus'^dXcViQndLtv  1837:  347  (part).  First 
synonymized  by  Chamberlin  & Ivie  1944:  146. 
Rabidosa  rabida:  Roewer  1954:  290;  1959:  581. 
Hogna  rabida:  Dondale  & Redner  1990:  35,  38,  41, 
figs.  25-28,  39. 

Discussion. —Walckenaer  (1837)  first  de- 
scribed this  species  from  specimens  collected  in 
New  York  State.  The  description  of  the  color 
pattern  fits  that  of  R.  rabida,  but  there  are  no 
illustrations.  John  Abbot’s  drawing  #51  (in 
manuscript)  was  labelled  Dolomedes  lineatus  by 
Walckenaer  (1837),  but  appears  to  be  R.  rabida. 
Many  early  publications  from  1 844  to  1936  used 
Hentz’s  name,  Lycosa  scutulata.  Banks  (1901a) 
was  the  first  to  recognize  L.  scutulata  as  a junior 
synonym  of  L.  rabida,  and  many  other  authors 
adopted  that  name  beginning  with  the  catalogue 
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Figures  \ \~\A.—Rabidosa  rabida  (Walckenaer),  Sherman,  Grayson  Co.,  Texas,  25  July  1963.  11.  left  palp, 
ventral  view;  12.  same,  retrolateral  view;  13.  internal  genitalia,  dorsal  view;  14.  epigynum,  ventral  view.  Ab- 
breviations: an  = annuli,  at  = atrium,  cd  = conductor,  cy  = cymbium,  em  = embolus,  ft  = fertilization  tube, 
hd  = hood.  Ip  = longitudinal  piece  of  median  septum,  ma  = median  apophysis,  pa  = palea,  sp  = spermatheca, 
sta  = subterminal  apophysis,  ta  = terminal  apophysis,  tg  = tegulum,  tp  = transverse  piece  of  median  septum. 


of  Petrunkevitch  (1911).  Roewer  (1954)  erected 
Rahidosa  without  explanation  or  characters  to 
define  the  genus.  Later  Roewer  (1959)  charac- 
terized the  new  genus. 

Diagnosis.— Rabidosa  rabida  is  most  closely 
related  to  R.  santrita  based  upon  similarities  in 
size,  dorsal  color  pattern,  and  male  and  female 
genitalic  structure.  Rabidosa  santrita  has  a less 
prominent  notch  in  the  median  longitudinal  ab- 
dominal stripe  and  does  not  have  paired  spots 
in  the  posterior  portion  of  the  stripe  (compare 
Figs.  1,  6 with  2,  7).  Very  thin  transverse  lines 
pass  through  the  posterior  portion  of  the  median 
abdominal  stripe  in  R.  santrita  and  the  abdom- 
inal coloration  is  darker.  Rabidosa  rabida  is  larg- 
er and  longer-legged  (compare  Table  1 to  Table 
2).  The  male  of  R.  santrita  does  not  exhibit  the 


dark  coloration  of  the  first  pair  of  legs  seen  in  R, 
rabida.  Although  the  epigyna  of  R.  rabida  and 
R.  santrita  are  similar  (compare  Fig.  14  with  Fig. 
18),  the  spermathecae  of  R.  rabida  have  anterio- 
lateral  subchambers  or  bulbs  that  are  not  seen 
in  R.  santrita  (compare  Fig.  1 3 with  Fig.  1 7).  The 
species  are  also  widely  separated  geographically 
(Map  1). 

Color Females:  Chelicerae  dark  rust  brown. 
Face  brownish  yellow  to  pale  orange-brown  with 
dark  stripes  on  carapace  extending  through  an- 
terior eye  row.  Eye  region  (nacelles)  black.  Stripe 
of  white  hairs  beginning  dorsal  to  the  anterior 
eye  row  and  continuing  between  the  PME  and 
halfway  to  the  PEE.  Carapace  (Fig.  1)  brownish 
yellow  to  pale  orange-brown  with  two  broad  dark 
brown  stripes,  one  on  either  side  of  the  mid-line, 
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Table  L— Measurements  of  ten  females  and  ten  males  of  Rabidosa  rabida  from  Texas. 


Mean  ± SEM 

Mean  ± SEM 

Females 

Anterior  eye  row 

1.75  ± 0.07 

Femur  I 

8.88  ± 0.41 

PME  width 

2.36  ± 0.08 

Patella-tibia  I 

11.67  ± 0.57 

PLE  width 

2.73  ± 0.12 

Metatarsus  I 

7.28  ± 0.44 

POQ  length 

2.10  ± 0.07 

Tarsus  I 

3.45  ± 0.14 

Carapace  width-PLE 

4.42  ± 0.27 

Femur  IV 

10.09  ± 0.41 

Carapace  width 

7.34  ± 0.42 

Total  I 

31.28  ± 1.46 

Carapace  length 

10.08  ± 0.58 

Patella-tibia  IV 

12.55  ± 0.54 

Body  length 

21.22  ± 1.24 

Metatarsus  IV 

12.07  ± 0.53 

Patella-tibia  II 

10.59  ± 0.55 

Tarsus  IV 

4.21  ± 0.23 

Patella-tibia  III 

9.02  ± 0.40 

Total  IV 

38.92  ± 1.68 

Males 

Anterior  eye  row 

1.50  ± 0.04 

Femur  I 

8.27  ± 0.35 

PME  width 

2.05  ± 0.06 

Patella-tibia  I 

11.06  ± 0.44 

PLE  width 

2.48  ± 0.07 

Metatarsus  I 

7.87  ± 0.31 

POQ  length 

1.82  ± 0.05 

Tarsus  I 

3.86  ± 0.14 

Carapace  width-PLE 

3.47  ± 0.14 

Total  I 

31.05  ± 1.19 

Carapace  width 

6.50  ± 0.27 

Femur  IV 

9.10  ± 0.32 

Carapace  length 

8.53  ± 0.36 

Patella-tibia  IV 

11.14  ± 0.44 

Body  length 

16.98  ± 0.78 

Metatarsus  IV 

11.20  ± 0.45 

Patella-tibia  II 

9.44  ± 0.35 

Tarsus  IV 

4.18  ± 0.10 

Patella-tibia  III 

8.09  ± 0.33 

Total  IV 

35.63  ± 1.27 

running  longitudinally  from  PME  to  posterior 
declivity.  Carapace  bounded  marginally  by  sim- 
ilar, but  much  thinner,  dark  brown  stripes.  Dor- 
sum of  abdomen  (Fig.  1)  pale  brownish  yellow 
with  a wide  dark  brown  median  stripe  running 
its  full  length.  Stripe  is  notched  anteriorly  and 
encloses  four  pairs  of  cream  to  pale  brownish 
yellow  spots  posteriorly.  Area  on  either  side  of 
the  dark  median  stripe  is  pale  brownish  yellow, 
bounded  by  brown  speckling  along  sides.  Venter 
of  abdomen  cream  colored;  median  area  flanked 
by  pale  brownish  yellow  laterally,  interspersed 
with  scattered  tufts  of  black  hair.  Legs  uniformly 
pale  brownish  yellow  to  medium  brownish  or- 
ange, appearing  grayish  distally  due  to  thick 
clothing  of  hair  on  metatarsus  and  tarsus.  Dark 
spot  on  ventral  surface  at  distal  end  of  tibia  IV. 
Labium,  endites,  and  sternum  pale  brownish  yel- 
low to  light  orange-brown. 

Males:  Color  pattern  in  R.  rabida  does  not 
differ  significantly  between  male  and  female 
specimens,  except  for  the  dark  coloration  of  the 
first  pair  of  legs  in  the  male.  In  the  male  the  first 
pair  of  legs  are  dark  brown  to  black  beginning  at 
the  distal  ends  of  the  femora  and  extending  to 
the  distal  ends  of  the  tarsi.  Carapace  and  dorsal 
abdominal  pattern  as  in  Fig.  6. 


Measurements.— Ten  females  and  ten  males 
from  Texas.  See  Table  1. 

Natural  history.— Newport  (1932)  reported  R. 
rabida  running  swiftly  in  the  upper  part  of  grass 
and  commonly  ascending  foliage  of  tall  herbs  and 
shrubs  at  night  in  Oklahoma.  This  preference  for 
tall  grass  and  the  habit  of  ascending  vegetation 
in  the  evening  has  been  observed  consistently  by 
the  senior  author  and  numerous  other  investi- 
gators (pers.  comm.).  Fitch  (1963)  reported  R. 
rabida  characteristic  of  grassland  habitats  on  the 
University  of  Kansas  Natural  History  Reserva- 
tion, but  also  indicated  its  presence  in  low  her- 
baceous vegetation  in  open  woodlands  as  well. 
It  was  most  abundant  in  tail-grass  prairie  and 
pasture.  Kuenzler  (1958)  noted  that  R.  rabida  is 
an  active  climber  and  abundant  in  the  forbs  and 
grasses  of  old-field  ecosystems  in  Aiken  County, 
South  Carolina.  In  his  study  of  niche  relations 
between  Lycosa  lenta,  L.  carolinensis,  and  R. 
rabida  occurring  in  the  same  habitat,  Kuenzler 
(1958)  noted  that  the  primary  factor  separating 
R.  rabida  from  the  other  two  species  seemed  to 
be  vertical  stratification.  Rabidosa  rabida  was 
observed  above  ground  level  in  the  grasses,  forbs, 
and  shrubs,  while  the  other  two  species  remained 
on  or  below  the  ground  level. 
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Despite  its  large  size,  R.  rabida  is  capable  of 
rapid  locomotion  (Newport  1932;  Kuenzler  1958; 
Fitch  1963;  Brady  pers.  obs.).  This  species  is  not 
known  to  burrow  but  does  build  a silken  retreat 
for  egg  case  construction  in  shallow  holes  (Kas- 
ton  1 948)  and  under  logs.  In  central  Texas  during 
July  1990,  Brady  (pers.  obs.)  discovered  a large 
hollowed-out,  rotten  log  containing  seven  fe- 
males with  newly  constructed  egg  sacs.  Each  spi- 
der had  an  oval  nest  lined  thickly  with  silk.  All 
egg  sacs  had  a definite  bluish  cast  indicating  re- 
cent construction. 

Jerry  Rovner,  who  has  probably  observed  more 
intently  and  recorded  for  a longer  period  the  be- 
havior of  R.  rabida  than  any  other  single  inves- 
tigator, reported  courtship  behavior  without  pri- 
or sperm  induction  (Rovner  1966),  and  the 
communicatory  function  of  sound  during  court- 
ship and  agonistic  displays  in  male  R.  rabida 
(Rovner  1967).  Rovner  (1968a)  described  the 
visual  and  chemical  communication  involved  in 
pre-copulatory  behavior  of  R.  rabida.  Pre-cop- 
ulatory  behavior  involved  reciprocal  display  in 
males  and  females.  A pheromone  released  by  the 
female  elicited  courtship  display  in  the  male. 
Later,  Rovner  (1968b,  1971)  elucidated  the 
mechanisms  controlling  copulatory  behavior  in 
R.  rabida.  Subsequently,  he  undertook  the  first 
quantitative  study  of  mechanisms  controlling 
copulatory  behavior  by  using  an  event  recorder 
to  determine  temporal  patterning  of  palpal  in- 
sertions and  palpal  moistening  during  copulation 
(Rover  1972). 

Rovner  et  al.  (1973)  reported  that,  for  newly 
emerged  spiderlings  of R.  rabida,  “spiny,  knobbed 
hairs  located  dorsally  on  the  abdomen  and  pe- 
culiar to  adult  female  lycosids,  apparently  pro- 
vided the  stimulus  and  means  for  attachment  by 
the  inner  layer  of  spiderlings.”  Higashi  & Rovner 
(1975)  described  dismounting,  drinking,  and  re- 
mounting behavior  of  recently  emerged  spider- 
lings,  interactions  between  spiderlings  and  sub- 
stitute parents,  and  the  survival  of  young  without 
parents. 

A new  type  of  spider  stridulating  organ  (now 

known  to  occur  widely  in  Lycosidae)  was  located 
by  Rovner  (1975)  at  the  hidden  surface  of  the 
male  pedipalpal  tibio-tarsal  joint.  In  a landmark 
paper  he  demonstrated  that  the  males  stridulate 
by  rapid  oscillation  at  the  tibio-tarsal  joints.  Pre- 
viously it  had  been  assumed  that  the  sound  was 
produced  by  a rapid  drumming  of  the  palps  upon 
the  substrate  as  in  Gladicosa  gulosa  (see  Brady 


1986).  Macrosetae  at  the  distal  tip  of  the  palp 
helped  to  anchor  this  appendage  and  increase  its 
“communicatory  effectiveness.” 

Rovner  & Knost  (1974)  proposed  that  post- 
immobilization silk  wrapping  by  R.  rabida  is  “a 
behavioral  adaptation  for  life  in  the  herbaceous 
stratum”  and  served  to  prevent  prey  from  drop- 
ping downward  from  an  elevated  position  when 
it  was  released  by  the  spider  during  feeding, 
grooming,  or  additional  efforts  at  prey  capture. 

Rovner  (1980)  summarized  morphological  and 
behavioral  adaptations  for  prey  capture  by  R. 
rabida  and  showed  that  flexor  musculature  for 
grasping  strength,  rapid  leg  extension  through 
hydraulic  mechanisms,  long  legs,  and  especially 
adhesive  scopular  hairs  and  erectile  spines  on  the 
legs  play  an  important  role  in  subduing  large 
prey.  Lizotte  & Rovner  (1988)  suggested  that  most 
nocturnal  predation  by  R.  rabida  upon  fireflies 
involved  vibratory  rather  than  visual  stimulus. 

Distribution.— Massachusetts  south  to  Florida 
in  the  eastern  USA.  Southern  Ontario,  Michigan 
and  Minnesota  in  the  north  central  USA,  south 
to  the  tip  of  Texas  and  the  northern  Gulf  Coast 
of  Tamaulipas,  Mexico.  Rabidosa  rabida  re- 
ported from  other  parts  of  Mexico  and  Central 
America  probably  represent  closely  related,  but 
different  species  (Map  1). 

Records.— CANADA.  Ontario: 'Windsor,  18  May-6 
July  1976,  2o;  8 July-27  Aug.  1976,  2$  (C.  D.  Dondale 
& J.  H.  Redner).  UNITED  STATES.  Massachusetts: 
Barnstable  Co.:  Wood’s  Hole,  1 Sept.  1883,  39  (J.  H. 
Emerton);  Dukes  Co.:  Martha’s  Vineyard,  Sept.  1925, 
29;  Middlesex  Co.:  Cambridge,  31  Aug.  1946,  19  with 
egg  sac.  Connecticut:  Fairfield;  New  Haven;  New  Lon- 
don. New  York:  Kings;  Nassau;  Orange;  Suffolk;  Queens. 
New  Jersey:  Bergen;  Mercer;  Middlesex;  Morris;  Pas- 
saic. Pennsylvania:  Adams;  Chester;  Mifflin;  North- 
ampton; Wabash;  Westmoreland.  Ohio:  Champaign; 
Fairfield;  Hocking;  Mercer;  Muskingum;  Perry.  Mary- 
land: Montgomery.  Dist.  of  Columbia.  West  Virginia: 
Mineral.  Virginia:  Alexandria  (city);  Fairfax;  Falls 
Church  (city);  Fredericksburg  (city);  Giles;  Lee;  Lynch- 
burg (city);  Petersburg  (city);  Pittsylvania;  Powhatan; 
Radford  (city);  Surry;  Smyth.  Kentucky:  Bell;  Christian; 
Harlan;  Hart.  Tennessee:  Benton;  Davidson;  Knox; 
Loudon;  Roane;  Sevier;  Shelby;  Sullivan;  Van  Buren; 
White.  North  Carolina:  Alamance;  Buncombe;  Carter- 
et; Durham;  Haywood;  Henderson;  Jackson;  Madison; 
Mecklenburg;  Moore;  Orange;  Union;  Wake;  Wilkes. 
South  Carolina:  Pickens;  Spartanburg.  Georgia:  Clarke; 
Floyd;  Macon;  Mitchell;  Towns.  Florida:  Alachua; 
Gadsden;  Indian  River;  Lake;  Levy;  Monroe;  Orange; 
Pinellas;  Putnam;  St.  John’s;  Walton,  Alabama:  Dallas; 
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Etowah;  Lee;  Tuscaloosa.  Mississippi:  Hinds;  Jackson; 
Lafayette;  Rankin;  Washington.  Louisiana:  Assump- 
tion; Caddo;  East  Baton  Rouge;  Lincoln;  Madison;  Or- 
leans. Michigan:  Livingston  Co.,  E.  S.  George  Reserve, 
8 July  1951,  19  (H.  K.  Wallace).  Indiana:  Henry;  Por- 
ter. Illinois:  Henderson;  Macoupin.  Minnesota:  Hen- 
nepin Co.,  Minneapolis,  1907,  29.  Missouri:  Atchison; 
Boone;  Butler;  Callaway;  Cole;  Jackson;  Lincoln;  St. 
Charles;  St.  Louis;  Stoddard;  Vernon.  Arkansas:  Faulk- 
ner; Hempstead;  Lawrence;  Madison;  Washington. 
Kansas:  Cowley  Co.,  Winfield,  26  Oct.  1907,  19  (Hay- 
hurst);  Douglas  Co.,  Univ.  of  Kansas  Nat.  Hist.  Rsvn., 
19-26  Aug.  1961,  2519  (A.  R.  Brady);  Riley  Co.,  Man- 
hattan, 29  Oct.,  19  (N.  Banks).  Oklahoma:  Mayes  Co., 
Chouteau,  1 Aug.  1965,  IS  (D.  C.  Arnold).  Payne  Co., 
Stillwater,  10  Oct.  1967,  19  (R.  A.  Adams);  29  July-5 
Aug.  1968,  2519.;  Rogers  Co.,  Claremore,  27  Aug.  1948, 
15  (C.,  P.  Vaurie).  Texas:  Atascosa;  Bandera;  Bastrop; 
Bexar;  Brazos;  Cameron  Co.:  25  mi.  SE  of  Harlingen, 
18  July-21  Sept.  1945,  29 lo  (D.  E.  Hardy,  V.  L.  Wool- 
ley);  5 mi.  SE  of  Brownsville,  26  Sept.  1937,  19  (L.  I. 
Davis);  Clay;  Crockett  Co.:  Ozona,  30  Sept.  1950,  19 
(W.  J.  Gertsch);  Comanche;  Dallas;  Denton;  Galves- 
ton; Grayson;  Harris;  Harrison;  Hidalgo  Co.,  Edin- 
burg, 16-18  Sept.  1935,  l5l92o;  Jefferson;  Kendall; 
Kerr;  Kimble;  Llano;  Lubbock  Co.,  Yellowhouse  Can- 
yon, 5 mi.  NE  of  Slaton,  5 May  1981,  15  (J.  C.  Cok- 
endolpher);  Milan;  Montague;  Montgomery;  Refugio; 
San  Patricio;  Tarrant;  Taylor;  Travis;  Walker;  Waller; 
Webb;  Williamson;  Wilson;  Wichita;  Zavala.  MEXI- 
CO. Tamaulipas:  Tamaulipeca,  July  1930,  15  (H.  H. 
Bartlett,  L.  R.  Dice). 

Rabidosa  punctulata  (Hentz)  new  combination 
Figs.  3,  8,  19-22;  Map  2 

Lycosa  punctulata  Hentz,  1844:  390,  pi.  17,  figs.  16, 
17,  15.  Male  holotype  from  Pennsylvania,  lost.  Hentz 
1875:  31,  pi.  3,  figs.  16,  17,  15.  Emerton  1885:  490, 
pL  48,  fig.  1,  19;  1909:  206,  pi.  7,  figs.  4,  4a,  I5l9; 
1914:  149,  150,  157.  Stone  1890:  422,  427.  Marx 
1883:  25;  1890:  563;  1892:  160.  Banks  1895a:  91; 
1900:  538;  1904:  134;  1907:  744;  1910:  57;  1911: 
454.  Montgomery  1902:  537,  552,  pi.  29,  fig.  14,  l9; 
1903a:  77;  1904:  277,  288.  Scheffer  1906:  126.  Bry- 
ant 1908:  85.  Chamberlin  1908:  224,  256,  pi.  18, 
figs.  2,  3,  I5l9.  Petrunkevitch  1911:  565.  Comstock 
1913:  628,  637;  1940:  643,  648.  Barrows  1918:  314. 
Bishop  1924:  11.  Bishop  & Crosby  1926:  208.  Cros- 
by & Bishop  1928:  1067.  Ewing  1933:  193,  pi.  7. 
Worley  & Pickwell  1931:  91,  95.  Banks  et  al.  1932: 
32.  Chickering  1935:  584.  Kaston  1938:  184;  1948: 
325,  pi.  55,  figs.  1080-1084,  l5l$;  1953:  150,  fig. 
380;  1978:  194,  fig.  497;  1981:  321,  322,  325,  932, 
pi.  40,  figs.  1080-1084,  15 1 9.  Chamberlin  & Ivie 
1944:  145.  Bonnet  1957:  2617.  Fitch  1963:  102,  110, 
fig.  47,  19.  Gaddy  & Morse  1985:  133. 

Isohogna  punctulata:  Roewer  1954:  263. 

Hogna  punctulata:  Dondale  & Redner  1990:  35,  38, 
figs.  21-24,  1519. 


Discussion.— Hentz  (1844)  first  described  Ly- 
cosa punctulata,  and  subsequent  authors  have 
used  that  name.  Roewer  (1954)  placed  R.  punc- 
tulata in  the  new  genus  Isohogna  without  expla- 
nation, In  1959  Roewer  established  Lycosfl  mad- 
eriana  from  the  Madeira  Islands,  off  the  northwest 
coast  of  Africa,  as  the  type  species  of  his  new 
genus.  A strange  amalgamation  of  Lycosa  punc- 
tulata, L.  lenta,  L.  tigana,  L.  timuqua,  and  Schi- 
zocosa  salsa  was  included  from  the  Nearctic  Re- 
gion. 

Diagnosis.— Rabidosa  punctulata  is  closest  to 
R.  carrana  in  size  and  dorsal  color  pattern  (com- 
pare Fig.  3 with  Fig.  4).  It  can  be  easily  distin- 
guished from  R.  carrana  by  the  ventral  color 
pattern  of  the  abdomen  (see  Key  to  Species)  and 
the  structure  of  epigynum.  In  R.  punctulata  the 
median  septum  is  very  wide  anteriorly  and  tapers 
narrowly  before  joining  the  transverse  piece,  and 
the  ends  of  the  transverse  piece  curve  anteriad 
(Fig.  22).  In  R.  carrana  the  median  septum  tapers 
more  gradually  before  joining  the  transverse  piece, 
and  the  arms  of  the  transverse  piece  parallel  the 
epigastric  furrow  (Fig.  26).  The  embolus  of  R. 
punctualata  is  flared  at  the  end  (Figs.  19,  20), 
while  in  R.  carrana  the  embolus  tapers  to  a fine 
point  at  the  end  (Figs.  23,  24).  Rabidosa  punc- 
tulata is  often  confused  with  R.  rabida  because 
of  the  similarity  of  the  dorsal  color  pattern  (com- 
pare Fig.  1 with  Fig.  3)  and  the  fact  that  they 
often  occur  in  the  same  grassy  habitats.  Close 
scrutiny  will  reveal  the  differences  in  size  (com- 
pare Table  1 with  Table  2)  and  color  pattern  (see 
Key  to  Species)  that  can  be  used  to  separate  these 
two  species. 

Color.— Female:  Chelicerae  dark  brown.  Face 
pale  brownish  yellow  with  two  broad  dark  brown 
longitudinal  stripes  passing  through  eye  rows  to 
lower  edge  of  clypeus.  White  hairs  located  dor- 
somedial  to  the  anterior  eye  row.  Eye  nacelles 
black.  Carapace  (Fig.  3)  pale  brownish  yellow 
with  two  broad  dark  brown  stripes  on  either  side 
of  the  median  line.  Dark  stripes  beginning  at 
PME  and  continuing  to  posterior  edge  of  cara- 
pace. Marginal  areas  of  carapace  bounded  by  dark 
thin  longitudinal  stripes.  White  hair  along  ex- 
treme margin.  Dorsum  of  abdomen  (Fig.  3)  with 
wide  dark  brown  median  stripe.  Stripe  with 
smooth  edges,  not  interrupted  by  indentations 
or  lighter  spots.  Pale  brownish  areas  on  each  side 
of  median  stripe.  Laterally  the  abdomen  becom- 
ing heavily  speckled  with  dark  brown  color  that 
almost  forms  longitudinal  lines.  Outside  of  this, 
the  abdomen  is  covered  with  fine  pale  hairs  in- 
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terspersed  with  darker  coarse  hairs.  Venter  of 
abdomen  very  pale  brownish  yellow  (beige)  with 
few-to-many  scattered,  variably-sized  dark  spots. 
Occasionally  the  venter  is  all  dark  brown  or  black. 
Legs  pale  brownish  yellow  with  darker  fine  hair 
covering  all  segments.  Coxae  and  trochanters 
variably  pale  to  dark  brown  and  usually  match- 
ing variable  color  of  sternum.  Labium  and  en- 
dites  pale  brownish  yellow.  Sternum  pale  brown- 
ish yellow,  light  brown,  to  almost  black. 

Male:  Males  are  very  similar  to  females  in 
overall  coloration.  Carapace  and  abdominal  pat- 
tern as  in  Fig.  8. 

Measurements. —Ten  females  and  ten  males. 
See  Table  3. 

Natural  history. —Stone  (1890)  ioundR.punc- 
tulata  in  grass.  Montgomery  (1903a)  described 
the  construction  and  cannibalism  of  an  egg  sac. 
Fitch  (1963)  reported  that  little  was  known  of 
the  habits  of  R.  punctulata  in  Kansas  (because 
it  was  long  confused  with  rabida)  but  that  it  was 
primarily  found  in  more  open  or  barren  situa- 
tions than  in  the  tail-grass  habitat  preferred  by 
R.  rabida. 

Kaston  (1948)  indicated  that  in  Connecticut 
R.  punctulata  has  the  same  habits  as  R.  rabida 
(but  is  much  less  common).  Females  mature  from 
late  June  through  October,  and  males  appear  in 
early  September  (but  he  believed  they  also  ma- 
tured in  June).  Eason  (1964)  observed  egg  sac 
construction  and  maternal  care  by  R.  punctulata. 
Eason  & Whitcomb  (1965)  showed  that  in  Ar- 
kansas, R.  punctulata  and  R.  rabidosa  are  repro- 
ductively  isolated  by  distinct  differences  in  time 
of  maturity.  There  i?.  rabida  matures,  mates,  and 
constructs  egg  sacs  in  midsummer  and  early  fall, 
while  R.  punctulata  matures  and  mates  in  late 
fall  and  constructs  egg  sacs  early  the  following 
spring.  Thus,  the  absence  of  mature  males  in 
June  reported  by  Kaston  (1948)  is  explained,  and 
the  life  cycle  of  R.  punctulata  in  Arkansas  agrees 
closely  with  that  of  R.  punctulata  in  Connecticut. 

Rovner  et  al.  (1973)  determined  that  the  spiny 
knobbed  hairs  found  on  the  abdomen  of  R.  punc- 
tulata apparently  provide  the  stimulus  and  means 
for  attachment  of  the  newly  emerged  spiderlings 
to  their  mother.  Long  smooth,  innervated  setae 
on  the  abdomen  are  mechanoreceptors  that  may 
serve  in  other  aspects  of  brood  care.  Rovner  & 
BCnost  (1974)  found  that  (as  in  R.  rabida),  R. 
punctulata  may  employ  post-immobilization  prey 
wrapping  behavior  to  prevent  prey  from  drop- 
ping to  the  ground  as  the  spider  rests  on  vege- 
tation. Knost  & Rovner  (1 975)  demonstrated  that 


R.  punctulata  will  feed  upon  dead  arthropods  in 
the  laboratory,  and  perhaps  scavenges  in  the  field. 
Rovner  et  al.  (1973)  attempted  to  use  R.  punc- 
tulata as  surrogate  mothers  for  young  of  R.  ra- 
bida. The  young  were  eaten  or  not  allowed  to 
mount  the  abdomen.  This  may  have  been  due 
to  an  intolerance  by  young  female  R.  punctulata 
that  were  not  advanced  enough  physiologically 
for  brood  carrying  behavior.  Rovner  (1978),  us- 
ing a high  speed  camera,  was  able  to  show  that 
the  adhesive  leg  scopula  of  R.  punctulata  assists 
in  prey  capture, 

Tietjen  (1979,  1980)  found  that  males  of  R. 
punctulata  did  not  react  to  a hidden  conspecific 
female.  Tietjen  & Rovner  (1980)  reported  that 
males  of  R.  punctulata  rely  more  upon  chemical 
cues  in  trail-following  behavior  (in  response  to 
draglines  of  females)  than  R.  rabida.  Rovner 
(1980)  employed  high-speed  cinematography  and 
experimentally  modified  morphological  features 
to  study  the  adaptations  of  lycosid  spiders  for 
capturing  large,  dangerous  prey.  Nossek  & Rov- 
ner (1984)  observed  and  recorded  intraspecific 
agonistic  behavior  in  R.  punctulata.  Aggressive 
interactions  between  R.  punctulata  and  R.  rabida 
were  also  reported.  Lizotte  & Rovner  (1988) 
found  that  lab-reared  R.  punctulata  were  as  re- 
sponsive to  visually  simulated  firefly  signals  as 
R.  rabida,  even  though  adult  R.  punctulata  do 
not  usually  encounter  fireflies  in  the  field  because 
of  their  early  fall  maturation. 

Distribution.  — From  Massachusetts  in  the 
northeast  to  southern  Michigan  in  the  central 
United  States,  south  westward  to  east  Texas  (Map 
2). 

Massachusetts:  Barnstable  Co.,  Woods 

Hole,  6 July  1932,  19  (R.  Lewis).  Middlesex  Co.,  Fra- 
mingham, 29  Sept.  1906, 2d  (J.  H.  Emerton);  Pepperell, 
Oct.  1969,  19  (H.  W.  Levi);  Sherbom,  19  (A.  L.  Bab- 
cock). Rhode  Island:  Providence.  Connecticut:  Fair- 
field;  New  Haven;  New  London;  Windham.  New  York: 
Dutchess;  Putnam;  Richmond;  Rockland;  Suffolk; 
Tompkins.  New  Jersey:  Bergen;  Hunterdon.  Pennsyl- 
vania: Allegheny;  Bucks.  Ohio:  Champaign;  Knox. 
Maryland:  Baltimore  City;  Harford;  Prince  Georges; 
Washington.  District  of  Columbia.  Virginia:  Falls 
Church  (city);  Fairfax;  James  City;  Montgomery.  Ten- 
nessee: Blount;  Cheatham;  Davidson;  Franklin;  Knox; 
Roane.  North  Carolina:  Durham;  Mecklenburg;  Or- 
ange; Raleigh.  South  Carolina:  Harry.  Georgia:  Charl- 
ton; Franklin;  Hall;  McDuffie;  Thomas;  Ware.  Florida: 
Alachua;  Calhoun;  Escambia;  Lake;  Leon.  Alabama: 
Lee;  Madison.  Mississippi:  Coahoma;  Forrest;  George; 
Hancock;  Hinds;  Newton;  Oktibbeha;  Pearl  River; 
Rankin.  Louisiana:  NwoyeWes',  East  Baton  Rouge;  Grant; 
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Figures  \ 5--\%.—Rabidosa  santrita  (Chamberlin  and  Ivie),  Madera  Canyon,  Santa  Rita  Mtns.,  Santa  Cruz  Co., 
Arizona,  9 Sept.  1941.  15.  left  palp,  ventral  view;  16.  same,  retrolateral  view;  17.  internal  genitalia,  dorsal  view; 
18.  epigynum,  ventral  view. 


Jefferson  Davis;  Orleans.  Michigan:  Eaton  Co.,  Olivet, 
15  Sept.  1933,  IS  (A.  M.  Chickering);  Livingston  Co., 
E.  S.  George  Reserve,  14  Sept,  1936,  l9  (A.  M.  Chick- 
ering). Indiana:  Jennings;  Lawrence;  Parke.  Illinois: 
Randolph;  Will.  Missouri:  Boone;  Cole;  Greene;  St. 
Louis  City;  St.  Louis;  Vernon.  Arkansas:  Lawrence; 
Washington.  Kansas:  Bourbon  Co.,  Redfield,  23  Apr. 
1962,  19,  14  Oct.  1963,  3539  (W.  Ivie);  Cowley  Co., 
Winfield,  19.  Oklahoma:  Carter  Co.,  Arbuckle  Mtns., 
15  Nov.  1970,  15  (C.  Young);  Kay  Co.,  New  Kirk,  8 
Oct.  1907,  15  (P.  Hayhurst);  Pottawatomie  Co.,  Shaw- 
nee, 1971  (D.  Lane).  Texas:  Brazos;  Burnet  Co.,  Tiger 
Mills,  Mar.  1885,  l9  with  egg  sac  (Schauff);  Coryell; 
Dallas;  Jasper;  San  Patricio  Co.,  8 mi  NE  of  Sinton, 
Nov.  1959,  15  (H.  E.  Laughlin);  Travis  Co.,  Austin,  25 
Sept.  1947,  15  (H.  Exline);  Walker. 

Rabidosa  santrita  (Chamberlin  & Ivie) 
new  combination 
Figs.  2,  1,  15-18,  Map  1 
Lycosa  santrita  Chamberlin  & Ivie  1942:  37,  figs.  81, 
82,  I5l9.  Female  holotype  from  Madera  Canyon, 
Santa  Rita  Mtns.,  Santa  Cruz  Co.,  Arizona,  in  the 
AMNH,  examined.  Kronk  & Riechert  1979:  155. 
Lycosa  scutulata:  Banks  1901b:  587.  NEW  SYNON- 
YMY. 

Discussion.— The  range  of  this  species  is  yet 
to  be  determined.  Lycosa  scutulata  reported  from 


the  Santa  Rita  Mountains  by  Banks  (1901b)  is 
certainly  this  species.  Other  reports  of  L.  scu- 
tulata from  various  parts  of  Mexico  and  Central 
America  (Banks  1898;  F.  O.  Pickard-Cambridge 
1902)  may  be  R,  santrita  but  these  are  based 
almost  entirely  upon  immature  specimens.  Adults 
are  needed. 

Diagnosis.— santrita  is  closest  to  R. 
rabida  in  size  and  dorsal  color  pattern.  The  males 
can  be  distinguished  by  the  black  color  on  leg  I 
of  R.  rabida,  which  extends  from  distal  end  of 
the  femur  to  the  tip  of  the  tarsus.  Females  are 
readily  separated  by  comparing  the  internal  gen- 
italia. The  spermathecae  of  R.  rabida  have  an- 
terior lateral  subchambers  or  bulbs  that  are  not 
found  in  R.  santrita  (compare  Fig.  13  with  Fig. 
17).  Other  differences  are  noted  under  the  di- 
agnosis of  R.  rabida.  These  two  sister  species  are 
widely  separated  geographically,  R.  santrita  hav- 
ing been  reported  only  from  certain  regions  of 
Arizona  (see  Map  1). 

Color.— Female:  Chelicerae  dark  brown.  Face 
pale  brownish  yellow  with  two  broad  dark  brown 
stripes  enclosing  the  PME,  PLE,  and  lateral  pair 
of  the  anterior  eye  row.  Stripes  extending  to  PME. 
White  hair  located  dorsomedial  to  anterior  eye 
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Figures  \9-21.~Rabidosa  punctulata  (Hentz),  New  Canaan,  Fairfield  Co.,  Connecticut,  Sept.  1955.  19.  left 
palp,  ventral  view;  20.  same,  retrolateral  view;  21.  internal  genitalia,  dorsal  view;  22.  epigynum,  ventral  view. 


row,  extending  dorsally  between  PME  and  half- 
way to  PLE.  Eye  nacelles  black.  Carapace  (Fig. 
2)  brownish  yellow  with  two  broad  dark  brown 
longitudinal  stripes  on  either  side  of  the  median 
line.  Stripes  continuous  from  distal  end  of  clyp- 
eus  to  posterior  part  of  carapace.  Marginal  areas 
of  carapace  bounded  by  dark,  thin  longitudinal 
stripes.  Marginal  white  hair  present.  Dorsum  of 
abdomen  (Fig.  2)  light  brown  with  dark  broad 
median  stripe  running  length  of  abdomen.  The 
stripe  is  solid  dark  in  color  anteriorly,  narrows 
one-third  of  the  way  posteriorly,  where  it  is  tra- 
versed by  a series  of  five  light  chevrons  along  the 
posterior  half.  Stripe  darkest  at  edges,  accented 
laterally  by  light  yellow.  Dorsum  light  brown  lat- 
eral to  accented  stripe.  Venter  of  abdomen  light 
pale  yellow  to  cream  with  few  scattered  dark  hairs. 
Legs  brownish  yellow  with  fine  darker  hairs, 
without  darker  bands.  Labium,  endites,  and  ster- 
num brownish  yellow. 

Males:  Males  are  very  similar  to  females  in 
overall  coloration,  except  that  the  first  pair  of 
legs  is  somewhat  darker  than  others  (but  not 
nearly  as  black,  as  in  R.  rabida).  Carapace  and 
dorsal  abdominal  pattern  as  in  Fig.  7. 


Measurements.— Ten  females  and  ten  males 
from  Madera  Canyon,  Santa  Rita  Mountains, 
Santa  Cruz  Co.,  Arizona.  See  Table  2. 

Natural  history .—Rabidosa  santrita  occurs  in 
desert  riparian  habitats.  Kronk  & Riechert  (1979) 
showed  that  R.  santrita  prefers  grass  in  these 
habitats,  but  that  mature  females  tend  to  move 
from  grass  to  patches  of  bare  ground  or  rock 
where  prey  is  more  abundant.  Males  apparently 
move  to  the  same  areas  to  increase  their  oppor- 
tunities for  mating.  Rabidosa  santrita  is  consid- 
ered to  be  a sit-and-wait  or  ambush  type  of  pred- 
ator. 

Distribution.— Arizona  (Map  1). 

Records.— USA.  Arizona:  Cochise  Co.,  Huachuca 
Mtns.,  18-21  July  1950,  l2lo  (W.  S.  Creighton);  Gar- 
den Canyon,  Huachuca  Mtns.,  8-12  July  1950,  l2lo 
(C.  M.  Bogart);  Carr  Canyon,  Huachuca  Mtns.,  16  Sept. 
1952,  12  (B.  Malkin);  Chiricahua  Mtns.,  Painted  Can- 
yon Ranch,  W of  Portal,  20  June  1954,  454260  (M.  A. 
Cazier),  4 July  1954,  l2lo  (W.  J.  Gertsch);  Paradise, 
3 July  1954,  12  (W.  J.  Gertsch);  3 mi.  W of  Paradise, 
9 Sept.  1950,  1512  (W.J.  Gertsch);  Portal,  1 June  1952, 
2552lo;  12  Oct.  1953,  35l2  (M.  A.  Cazier);  1 mi.  W 
of  Portal,  10  Sept.  1950,  105523o  (W.  J.  Gertsch);  3 
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Map  I.— Distribution  of  Rabidosa  rabida  (Walckenaer)  and  R.  santrita  (Chamberlin  and  Ivie). 


mi.  W of  Portal,  July  1963,  19  with  egg  sac  (J.  Woods); 
4 mi.  SW  of  Portal,  7 Apr.  1966,  19  (B.  Vogel);  South 
Fork  of  Cave  Creek,  1 1 Sept.  1950,  29<5l99l3o  (W.  J. 
Gertsch);  6“13  May  1956,  l<329lo,  (M.  Statham); 
Southwestern  Research  Station,  5 mi.  W of  Portal,  15- 
26  June  1955,  23392o  (M.  Statham);  6-20  July  1955, 
8940  (W.  J.  Gertsch);  Nov.  1955,  19  (E.  Ordway);  2- 
19  May  1956,  4<329lo  (M.  Statham);  4 July  1956,  19 
(E.  Ordway);  10  Oct.  1956,  19  carried  by  wasp  (M. 
Pugsly);  20  June  1957,  29  (M.  Statham);  21  Mar.  1960, 
3(3293o  (W.  j.  Gertsch,  W.  Ivie,  R.  Schrammel);  19 
Apr.  1961, 1 9 (J.  Rozen,  R.  Schrammel);  1 0 May  1961, 
29  (W.  J.  Gertsch);  3 Oct.  1961,  1 9 (W.  J.  Gertsch);  21 
April  1962,  19  (W.  J.  Gertsch);  May  1962,  19  (W.  J. 
Gertsch);  July  1962,  23392o  (W.  J.  Gertsch);  Nov.  1962, 
19  (V.  Roth);  Apr.  1963,  19  (V.  Roth);  17  July  1964, 
19  (J.  A.  Woods);  13-22  Aug.  1972,  l9  (N.  Platnick); 
Turkey  Creek,  31  May  1952,  29  with  egg  sacs  (M.  Ca- 
zier,  W.  Gertsch,  R.  Schrammel);  Coconino  Co.,  Se- 
dona,  5 June  1956,  19  (E.  I.  Davis);  Navajo  Co.,  White 
Mtns.,  10  mi.  NE  of  Whiteriver,  8-1 1 July  1940,  299o 
(W.  J.  Gertsch,  Hook);  Pima  Co.,  Tucson,  19  (R.  V. 
Chamberlin  & W.  Ivie);  Santa  Cruz  Co.,  Santa  Rita 
Mtns.,  5 Oct.  1936,  2S  (O.  Bryant);  Madera  Canyon, 
8-9  Sept.  1941,  31  <5309  (W.  Ivie);  10  Dec,  1941,  1<S 
(W.  Ivie);  7 June  1952, 49  with  two  egg  sacs  (M.  Cazier, 
W.  Gertsch,  R.  Schrammel);  Patagonia,  17  Sept.  1952, 
l3lo  (B.  Malkin);  5 mi.  SW  of  Patagonia,  25  Aug.  1950, 
397o  (M.  a.  Cazier). 


Rabidosa  carrana  (Bryant)  new  combination 
Figs.  4,  9,  23-26,  Map  2 

Lycosa  carrana  Bryant  1934:  38,  fig.  1,  1(3.  Male  ho- 
lotype  from  Big  Pine  Key,  Monroe  Co,,  Florida,  20 
December  1933  (A.  F.  Carr),  in  MCZ,  examined. 
Gertsch  & Wallace  1935:  18,  fig.  37,  19.  Wallace 
1937:  108.  Bonnet  1957:  2637. 

Varacosa  (part).  Roewer  1954:  305. 

Discussion. --Roewer(  1954)  placed  10  species 
in  the  genus  Varacosa  of  Chamberlin  & Ivie 
(1942).  Of  these,  five  species  have  been  retained 
in  Varacosa  {apothetica,  avara,  gosiuta,  parthen- 
us,  shenandoa)  by  Jimenez  & Dondale  (1987). 
Two  species  were  placed  in  Schizocosa  (Jlori- 
dana,  segregata)  by  Dondale  & Redner  (1978), 
one  in  Gladicosa  by  Brady  (1986),  and  one  is 
problematical  {Lycosa  acompa  Chamberlin).  The 
species  carrana  is  combined  here  with  the  other 
species  of  Rabidosa  where  it  obviously  belongs. 

Diagnosis.  carrana  is  very  similar 

to  R.  punctulata  in  size  and  dorsal  color  pattern 
(compare  Figs.  4,  9 with  Figs.  3,  8).  Gertsch  & 
Wallace  (1935)  reported  that  “From  the  dorsal 
aspect  this  species  looks  almost  exactly  like  Ly- 
cosa punctulata'\  differing  only  in  details  of  col- 
oration. In  R.  punctulata  the  median  septum  is 
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Table  2.— -Measurements  of  ten  females  and  ten  males  of  Rabidosa  santrita. 


Mean  ± SEM 

Mean  ± SEM 

Females 

Anterior  eye  row 

1.45  ± 0.03 

Femur  I 

6.39  ± 0.11 

PME  width 

1.74  ± 0.03 

Patella-tibia  I 

8.17  ± 0.14 

PLE  width 

2.20  ± 0.03 

Metatarsus  I 

4.77  ± 0.09 

POQ  length 

1.50  ± 0.03 

Tarsus  I 

2.82  ± 0.08 

Carapace  width-PLE 

3.89  ± 0.11 

Total  I 

22.15  ± 0.35 

Carapace  width 

6.63  ± 0.12 

Femur  IV 

7.30  ± 0.09 

Carapace  length 

8.65  ± 0.18 

Patella-tibia  IV 

8.72  ± 0.10 

Body  length 

18.91  ± 0.43 

Metatarsus  IV 

7.85  ± 0.12 

Patella-tibia  II 

7.56  ± 0.11 

Tarsus  IV 

3.07  ± 0.06 

Patella-tibia  III 

6.75  ± 0.11 

Total  IV 

26.94  ± 0.30 

Males 

Anterior  eye  row 

1.28  ± 0.02 

Femur  I 

6.25  ± 0.13 

PME  width 

1.54  ± 0.03 

Patella-tibia  I 

8.35  ± 0.08 

PLE  width 

1.87  ± 0.04 

Metatarsus  I 

5.28  ± 0.11 

POQ  length 

1.24  ± 0.03 

Tarsus  I 

2.96  ± 0.05 

Carapace  width-PLE 

3.14  ± 0.06 

Total  I 

22.85  ± 0.30 

Carapace  width 

5.77  ± 0.12 

Femur  IV 

6.98  ± 0.07 

Carapace  length 

7.42  ± 0.14 

Patella-tibia  IV 

8.39  ± 0.20 

Body  length 

14.25  ± 0.23 

Metatarsus  IV 

7.78  ± 0.27 

Patella-tibia  II 

7.43  ± 0.12 

Tarsus  IV 

3.20  ± 0.07 

Patella-tibia  III 

6.46  ± 0.12 

Total  IV 

26.35  ± 0.45 

Table  3.— Measurements  of  ten  females  and  ten  males  of  Rabidosa  punctulata. 


Mean  ± SEM 

Mean  ± SEM 

Females 

Anterior  eye  row 

1.23  ± 0.06 

Femur  I 

5.28  ± 0.21 

PME  width 

1.56  ± 0.07 

Patella-tibia  I 

6.75  ± 0.34 

PLE  width 

2.00  ± 0.07 

Metatarsus  I 

3.70  ± 0.21 

POQ  length 

1.32  ± 0.03 

Tarsus  I 

2.08  ± 0.10 

Carapace  width-PLE 

3.24  ± 0.14 

Total  I 

17.81  ± 0.83 

Carapace  width 

4.99  ± 0.24 

Femur  IV 

5.79  ± 0.31 

Carapace  length 

6.58  ± 0.31 

Patella-tibia  IV 

6.79  ± 0.31 

Body  length 

15.17  ± 0.63 

Metatarsus  III 

5.98  ± 0.30 

Patella-tibia  II 

6.12  ± 0.32 

Tarsus  IV 

2.56  ± 0.11 

Patella-tibia  III 

5.06  ± 0.33 

Total  IV 

21.11  ± 0.98 

Males 

Anterior  eye  row 

1.10  ± 0.03 

Femur  I 

5.70  ± 0.17 

PME  width 

1.45  ± 0.04 

Patella-tibia  I 

7.50  ± 0.22 

PLE  width 

1.85  ± 0.05 

Metatarsus  I 

4.61  ± 0.16 

POQ  length 

1.18  ± 0.04 

Tarsus  I 

2.21  ± 0.06 

Carapace  width-PLE 

2.77  ± 0.06 

Total  I 

20.02  ± 0.51 

Carapace  width 

4.60  ±0.12 

Femur  IV 

6.23  ± 0.20 

Carapace  length 

6.27  ± 0.17 

Patella-tibia  IV 

7.45  ± 0.21 

Body  length 

12.80  ± 0.33 

Metatarsus  IV 

6.97  ± 0.21 

Patella-tibia  II 

6.52  ± 0.18 

Tarsus  IV 

2.87  ± 0.10 

Patella-tibia  III 

5.26  ± 0.17 

Total  IV 

23.53  ± 0.59 
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Figures  23-26.— Rabidosa  carrana  (Bryant),  Tybee  Island,  Chatham  Co.,  Georgia,  5 Dec.  1962.  23.  left  palp, 
ventral  view;  24.  same,  retrolateral  view;  25.  internal  genitalia,  dorsal  view;  26.  epigynum,  ventral  view. 
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Table  4. —Measurements  of  ten  females  and  ten  males  of  Rabidosa  carrana  from  Georgia  and  Florida. 


Mean  ± SEM  Mean  ± SEM 


Females 


Anterior  eye  row 

1.34 

± 

0.03 

Femur  I 

5.14 

± 0.21 

PME  width 

1.80 

+ 

0.04 

Patella-tibia  I 

6.77 

± 0.24 

PLE  width 

2.27 

± 

0.10 

Metatarsus  I 

3.52 

± 0.18 

POQ  length 

1.46 

± 

0.07 

Tarsus  I 

2.08 

± 0.08 

Carapace  width~PLE 

3.32 

± 

0.11 

Total  I 

17.51 

± 0.65 

Carapace  width 

5.27 

± 

0.15 

Femur  IV 

5.69 

± 0.21 

Carapace  length 

7.25 

± 

0.22 

Patella-tibia  IV 

7.23 

± 0.27 

Body  length 

14.07 

± 

0.44 

Metatarsus  IV 

5.85 

± 0.21 

Patella-tibia  II 

6.04 

± 

0.25 

Tarsus  IV 

2.44 

± 0.09 

Patella-tibia  III 

5.15 

± 

0.20 

Males 

Total  IV 

21.21 

± 0.73 

Anterior  eye  row 

1.05 

± 

0.04 

Femur  I 

4.34 

± 0.18 

PME  width 

1.46 

± 

0.04 

Patella-tibia  I 

5.92 

± 0.26 

PLE  width 

1.78 

± 

0.06 

Metatarsus  I 

3.19 

± 0.15 

POQ  length 

1.04 

± 

0.04 

Tarsus  I 

2.05 

± 0.10 

Carapace  width-PLE 

2.40 

+ 

0.12 

Total  I 

15.50 

± 0.66 

Carapace  width 

4.43 

± 

0.30 

Femur  IV 

4.84 

± 0.28 

Carapace  length 

5.66 

± 

0.27 

Patella-tibia  IV 

6.15 

± 0.36 

Body  length 

11.25 

+ 

0.56 

Metatarsus  IV 

4.95 

± 0.34 

Patella-tibia  II 

5.19 

± 

0.24 

Tarsus  IV 

2.23 

± 0.14 

Patella-tibia  III 

4.81 

± 

0.29 

Total  IV 

18.37 

± 1.09 

very  wide  anteriorly  and  narrows  considerably 
before  joining  the  transverse  piece,  and  the  lat- 
eral arms  of  the  transverse  piece  curve  anteriorly 
(Fig.  22).  InR.  carrana  the  median  septum  tapers 
more  gradually  before  joining  the  transverse  piece, 
and  the  lateral  arms  of  the  transverse  piece  run 
straight  across  (Fig.  26).  The  embolus  of  R.punc- 
tualata  is  spatulate  at  the  end  (Figs.  1 9, 20),  while 
in  R.  carrana  it  terminates  in  a fine  point  (Figs. 
23,  24).  In  addition,  nearly  all  specimens  of  R. 
carrana  have  a black  venter  with  three  pairs  of 
white  spots.  This  particular  characteristic  led  H. 
K.  Wallace  (pers.  comm.)  to  refer  to  his  nameless 
specimens  as  ""Lycosa  domino""  because  the  six 
white  spots  reminded  him  of  the  six  spot  in  dom- 
inoes. Although  R.  carrana  is  most  like  R.  punc~ 
tulata  in  size  and  coloration,  it  resembles  R.  ra~ 
bida  and  R.  santrita  in  structural  details  of  the 
male  palpus  (compare  Figs.  23,  24  with  Figs.  1 1, 
12  and  15,  16)  and  female  genitalia  (compare 
Figs.  25,  26  with  13,  14  and  17,  18).  We  think 
this  makes  a stronger  case  for  including  R.  punc- 
tulata  in  the  genus  Rabidosa. 

Color. —Females:  Face  brownish  yellow  as  in 
other  species  of  Rabidosa^  dark  brown  stripes  on 
dorsal  surface  continue  down  face  to  lower  edge 
of  clypeus.  Chelicerae  uniform  reddish  brown 
with  covering  of  light  brown  hair.  White  hairs 


forming  a thin  line  beginning  between  AME  and 
continuing  to  PME  row.  Eye  nacelles  black.  Car- 
apace (Fig.  4)  brownish  yellow  with  two  broad 
dark  brown  stripes  on  either  side  of  mid-line, 
continuing  from  clypeus  to  posterior  declivity. 
Carapace  bounded  marginally  by  similar,  but 
thinner  stripes.  Dorsum  of  abdomen  (Fig.  4)  with 
a wide  dark  brown  median  stripe  Qh  the  width 
of  the  abdomen).  Stripe  often  with  variably  ir- 
regular edges.  Light  brownish  yellow  diamond 
shaped  mark  is  within  the  stripe  over  the  cardiac 
area.  Stripe  laterally  bounded  by  lightly  speckled 
yellow  brown,  and  medium  brown  areas  respec- 
tively. Venter  of  abdomen  variably  black,  but 
nearly  always  with  central  black  area  containing 
three  pairs  of  spots  distinctly  marked  with  white 
hair.  Legs  brownish  yellow  and  covered  with  fine 
brown  hair.  Labium,  endites,  and  sternum  vari- 
able; totally  black  to  only  sparsely  black  or  some- 
times yellow  brown. 

Males:  Carapace  and  dorsal  abdominal  pattern 
as  in  Fig.  9.  Color  pattern  does  not  differ  signif- 
icantly between  male  and  female  specimens,  al- 
though males  tend  to  show  less  speckling  on  the 
venter. 

Measurements.— Ten  females  and  ten  males 
from  Georgia  and  Florida.  See  Table  4. 

Natural  history.— Gertsch  & Wallace  (1935) 
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Figures  21 -30. —Rabidosa  hentzi  (Banks),  Gainesville,  Alachua  Co.,  Florida,  14  June  1935.  27.  left  palp, 
ventral  view;  28.  same,  retrolateral  view;  29.  internal  genitalia;  30,  epigynum,  ventral  view. 


reported  capturing  this  species  at  night  with  a 
headlight  in  reeds  above  the  high  tide  mark  on 
an  island  about  five  miles  from  Cedar  Key,  Flor- 
ida. This  species,  at  that  time,  was  reported  as 
one  of  the  most  common  species  in  southern 
Florida.  Adult  males  and  females  were  taken  in 
February  in  Monroe  and  Dade  Counties. 

Distribution.— Atlantic  coastal  plain  of  North 
Carolina  and  Georgia,  south  to  the  Florida  Keys 
(Map  2). 

Records.— TVort/?  Carolina:  Carteret  Co.,  Beaufort, 
31  July  1951,  l(Sl92o  (R.  D.  Barnes).  Georgia:  Bruns- 
wick Co.,  2 mi,  W ofjekyll  Island,  7 Dec.  1962, 96l09lo 
(W.  Ivie);  Chatham  Co.,  N.  shore  Tybee  Island,  5 Dec. 
1962,  9613950  (W.  Ivie).  Florida:  Brevard  Co.,  Eau 


Map  3.— Distribution  of  Rabidosa  hentzi  (Banks). 


Galle,  Feb.  1936,  19;  Cocoa,  23  Feb.  1926,  19;  Dade 
Co.,  7-9  Feb.  1935,  3639  (J.  Kilby,  H.  K.  Wallace); 
Glades  Co.,  Archbold  Biol.  Sta.,  19  Dec.  1962,  49  (W. 
Ivie);  Hillsborough  Co.,  Tampa,  3-5  Mar.  1943,  19; 
Levy  Co.,  28  Apr.  1934,  1629  (H.  K.  Wallace);  Monroe 
Co.,  Flamingo,  Everglades  Natl.  Pk.,  17  Dec.  1962, 
8669 15o;  2 mi.  SE  of  Marathon,  15  Dec.  1962,  l6lo 
(W.  Ivie);  Okeechobee  Co.,  Okeechobee,  28  Mar.  1938, 
464920  (W.  J.  Gertsch);  Port  Mayaca,  29  Mar.  1938, 
1619  (W.  J.  Gertsch). 

Rabidosa  hentzi  (Banks)  new  combination 
Figs.  5,  10,  27-30,  Map  3 

Lycosa  hentzi  Bdedks  1904:  135,  pi.  8,  figs.  16,  17.  Male 
and  female  syntypes  from  Altoona,  Lake  Co.,  Flor- 
ida, July  (A.  Dobbin),  in  the  MCZ,  examined.  Banks 
1910:  56.  Petrunkevitch  1911:  561.  Chamberlin  & 
Ivie  1944:  144.  Wallace  1950:  77,  pi.  1,  fig.  5,  19. 
Bonnet  1957:  2644.  Miller  et  al.  1988:  213. 
Megarctosa  hentzi:  Roewer  1954:  278. 

Discussion.— hentzi  was  placed  in  the 
genus  Megarctosa  by  Roewer  (1954)  with  Me- 
garctosa naccai  Caporiacco  from  the  Island  of 
Rhodes  as  the  type  species.  Three  other  species 
from  the  Palearctic  Region  were  placed  in  the 
genus,  and,  in  addition,  one  from  Africa,  one 
from  Argentina,  and  Lycosa  hentzi  from  Florida. 
This  strange  zoogeographic  assortment  raises  se- 
rious questions  about  the  genus  Megarctosa. 
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Table  5.— Measurements  of  ten  females  and  ten  males  of  Rabidosa  hentzi. 


Mean  ± SEM  Mean  ± SEM 


Females 


Anterior  eye  row 

1.10  ± 0.04 

Femur  I 

4.54 

± 0.25 

PME  width 

1.53  ± 0.04 

Patella-tibia  I 

6.18 

± 0.36 

PLE  width 

1.78  ± 0.06 

Metatarsus  I 

3.53 

± 0.19 

POQ  length 

1.08  ± 0.04 

Tarsus  I 

1.84 

± 0,19 

Carapace  width-PLE 

1.06  ± 0.04 

Total  I 

16.09 

± 0.92 

Carapace  width 

4.31±0.16 

Femur  IV 

5.17 

± 0.31 

Carapace  length 

5.54  ± 0.22 

Patella-tibia  IV 

6.57 

± 0.33 

Body  length 

11.33  ± 0.58 

Metatarsus  IV 

5.73 

± 0.25 

Patella-tibia  II 

5.64  ± 0.35 

Tarsus  IV 

2.12 

± 0.13 

Patella-tibia  III 

4.94  ± 0.25 

Males 

Total  IV 

19.59 

± 0.98 

Anterior  eye  row 

0.92  ± 0.03 

Femur  I 

3.97 

± 0.19 

PME  width 

1.31  ± 0.04 

Patella-tibia  I 

5.40 

±0.26 

PLE  width 

1.54  ± 0.04 

Metatarsus  I 

3,51 

± 0.22 

POQ  length 

0.89  ± 0.04 

Tarsus  I 

1.71 

± 0.11 

Carapace  width-PLE 

2.12  ± 0.08 

Total  I 

14.59 

± 0.74 

Carapace  width 

3.52  ± 0.11 

Femur  IV 

4.66 

± 0.20 

Carapace  length 

4.56  ± 0.16 

Patella-tibia  IV 

5.86 

± 0.27 

Body  length 

9.53  ± 0.47 

Metatarsus  IV 

5.40 

± 0.23 

Patella-tibia  II 

4.90  ± 0.24 

Tarsus  IV 

2.02 

± 0.13 

Patella-tibia  III 

4.33  ± 0.19 

Total  IV 

17.94 

± 0.79 

Rabidosa  hentzi  is  distinguished 
from  other  Rabidosa  by  its  distinct  dorsal  pattern 
and  paler  color.  It  is  closest  to  R.  carrana  or  R. 
rabida  in  coloration  and  to  R.  carrana  in  size. 
The  genitalia  of  R.  hentzi  and  R.  carrana  are 
very  similar,  but  the  spermathecae  of  R.  hentzi 
are  spherical  (Fig.  29),  while  those  of  R.  carrana 
are  elongate,  ovoid  (Fig.  25).  The  palea  of  the 
palpus  in  R.  hentzi  has  a heavily  sclerotized  cap 
(Figs.  27,  28),  while  sclerotization  of  the  palea 
in  R,  carrana  is  greatly  reduced  (Figs.  23,  24). 
In  the  field  R.  hentzi  is  distinguished  by  micro- 
habitat (see  below)  and  the  distinctive  relatively 
narrow  median  yellow  stripe  on  the  carapace 
(Figs,  5,  10).  The  resemblance  of  R.  hentzi  to 
other  Rabidosa  in  coloration,  genitalic  structure, 
and  its  habitat  preference  (forbs  and  shrubs)  in- 
dicate to  us  that  this  species  belongs  here. 

Color.— Female:  Face  light  brownish  yellow 
with  a pair  of  black  stripes  extending  through 
anterior  eye  row  and  continuing  down  chelicerae. 
Chelicerae  light  brownish  yellow  to  yellow-brown. 
Stripe  of  white  hairs  beginning  in  anterior  eye 
row  and  running  dorsally  between  PME,  con- 
tinuing to  PLE.  Eye  nacelles  black.  Carapace  (Fig. 
5)  pale  brownish  yellow  to  light  yellow-brown. 
Narrow  light  yellow  stripe  extending  from  an- 
terior region  of  carapace  to  posterior  declivity. 


Light  stripe  laterally  bounded  by  brownish  yel- 
low to  yellow  brown  region.  Marginal  areas  with 
three  or  four  evenly  spaced  dark  spots.  Dorsum 
of  abdomen  (Fig.  5)  with  light  brownish  yellow 
median  stripe  running  its  full  length.  Series  of 
five  or  six  dark  brown  chevrons,  posteriorly.  Each 
chevron  accented  by  pair  of  dots  (composed  of 
white  hairs)  laterally.  Five  to  seven  pairs  of  white 
dots  usually  present.  Median  stripe  bounded  by 
darker  brownish  coloration  covering  dorsum  lat- 
erally. Venter  light  brownish  yellow  with  brown 
specks  laterally.  Legs  light  brownish  yellow  to 
light  yellow-brown.  Alternating  light  and  dark 
hair  in  some,  others  appear  speckled.  Labium, 
endites,  and  sternum  light  brownish  yellow. 

Male:  Face  and  chelicerae  same  as  in  female 
but  a shade  lighter  brownish  in  color.  Dorsum 
of  carapace  (Fig.  10)  a shade  lighter  brown  in 
color.  Dorsum  of  abdomen  (Fig.  1 0)  very  similar 
in  color.  Venter  of  abdomen  brownish  yellow 
with  fewer  brown  specks  laterally  than  female. 
Legs  light  brownish  yellow  to  light  yellow-brown, 
with  colors  alternating.  Labium,  endites,  and 
sternum  light  brownish  yellow. 

Measurements.— Ten  females  and  ten  males 
from  Florida.  See  Table  5. 

Natural  history.— Using  a headlamp  at  night 
the  senior  author  has  collected  many  specimens 
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Figure  3 1 . — Phylogenetic  diagram  of  Rabidosa.  Explanation  of  letters  can  be  found  under  “Evolutionary 
Relationships”  in  text. 


of  R.  hentzi  throughout  Florida.  Rabidosa  hentzi 
can  often  be  identified  from  a distance  because 
of  its  preferred  microhabitat.  Any  lycosid  eye 
shine  more  than  60-100  cm  above  the  ground 
in  a shrub  is  very  likely  to  be  R.  hentzi.  Many 
specimens  were  noticed  feeding  on  various  kinds 
of  insects  in  these  situations.  This  microhabitat 
is  unexplored  by  other  lycosids,  and  it  serves  as 
a safe  haven  from  the  larger,  less  agile  wolf  spi- 
ders that  patrol  the  forest  floor.  Rabidosa  hentzi 
is  the  only  large  wolf  spider  that  can  negotiate 
vertical  glass  surfaces  (pers.  obs.).  This  ability  is 
due  to  scopula  hairs  on  the  metatarsi  and  tarsi 
(Miller  et  al.  1988).  Claw  tufts  on  the  tarsi  of  R. 
hentzi,  together  with  its  body  size  smaller  than 
R.  rabidosa  (compare  Table  5 with  Table  1),  ap- 
pear to  aid  this  species’  movement  through  high 
herbaceous  vegetation  and  shrubs  in  open  wood- 
land. 

Distribution. “Georgia  and  Florida  to  Loui- 
siana (Map  3). 

Records.  — Georgia:  Ware  Co.,  15  mi.  W of  Way- 
cross,  22  Dec.  1962,  3o  (W.  Ivie).  Florida:  Alachua 
Co.,  Gainesville,  14  June  1935,  56692o  (W.  Gertsch, 
W.  Ivie);  Desoto  Co.,  Arcadia,  31  Mar.  1938,  l52$6o 
(W.  J.  Gertsch);  Highlands  Co.,  Lake  Placid,  8 Feb. 
1943,  2o  (M.  Cazier);  Sebring,  24  Mar.  1938,  19  (W. 
J.  Gertsch);  Jackson  Co.,  25  Apr.-l  May  1935,  2319 
(O.  C.  Van  Hyning);  Lake  Co.,  Lake  Harris,  14  July 


1935,  231910,  Leesburg;  1-11  Mar.  1954,  24o,  (M. 
Statham);  Umatilla,  14  June  1935,  53792o  (W.  Ivie); 
Pasco  Co.,  Dade  City,  7 Apr.  1938,  19  (W.  J.  Gertsch). 
Louisiana:  Lincoln  Par.,  Ruston,  10  July  1950,  19  (M. 
Cazier). 

EVOLUTIONARY  RELATIONSHIPS 

This  section  provides  a preliminary  view  of 
the  evolutionary  or  phylogenetic  relationships  of 
the  five  species  described  under  the  genus  Ra- 
bidosa (Fig.  3 1).  It  is  not  intended  to  be  a cladistic 
analysis,  but  represents  the  views  of  the  authors 
based  upon  morphological  features,  microhabi- 
tat data,  and  geographical  distribution.  This 
method  was  employed  because  of  the  difficulty 
in  identifying  synapomorphies  for  species  groups 
within  the  genus  Lycosa.  This  is  true  because  of 
the  great  variety  of  lycosid  species  throughout 
the  world  described  under  Lycosa,  representing 
diverse  morphological,  ecological  and  behavior- 
al types.  We  hope  that  this  analysis  may  serve 
as  a beginning. 

Species  of  the  genus  Rabidosa  are  recognized 
by  the  dorsal  color  pattern  on  the  cephalothorax, 
consisting  of  two  longitudinal  dark  stripes  orig- 
inating in  the  eye  region  and  continuing  to  the 
posterior  edge  of  the  carapace,  and  a single  me- 
dian dark  stripe  on  the  dorsum  of  the  abdomen 
(Figs.  1-4,  6-9).  The  pattern  in  R.  hentzi  is  mod- 
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ified,  but  considered  to  be  derived  from  this  basic 
pattern  (Figs.  5,  10).  The  general  pattern  de- 
scribed and  illustrated  is  considered  to  be  a syn- 
apomorphic  feature  of  Rabidosa.  The  species  in- 
cluded in  this  genus  also  have  similar 
microhabitat  preferences.  Rabidosa  rabida,  R. 
santrita,  R.punctulata,  and  .R.  carrana  are  found 
primarily  in  herbaceous  vegetation,  and  occa- 
sionally in  more  woody  small  shrubs.  Rabidosa 
hentzi  is  usually  found  higher  from  ground  level 
in  forbs  and  small  shrubs.  Although  several  of 
these  species  excavate  chambers  for  egg  case  con- 
struction, none  is  known  to  burrow.  Both  above 
ground  microhabitats  (grass,  forbs,  shrubs)  and 
the  absence  of  burrowing  behavior  are  consid- 
ered to  be  traits  of  Rabidosa. 

The  genus  Hogna  is  considered  to  be  the  sister 
group  to  Rabidosa.  Representatives  of  the  Hog- 
na-Rabidosa  group  possess  in  common  the  char- 
acteristics: carapace  uniform  in  height  [A];  em- 
bolus with  broad  arch  at  base  [B];  terminal 
apophyses  sickle-shaped  [C];  and  median  apoph- 
ysis transverse  with  ventral  directed  spur  [D] 
(Dondale  & Redner  1990).  Hogna,  as  viewed  by 
Dondale  & Redner  (1990),  includes  many  North 
American  species  formerly  described  under  Ly- 
cosa  that  are  strictly  ground  dwellers,  preferring 
leaf  litter  or  sparsely  vegetated  areas,  rather  than 
grassy  areas  [E].  In  addition,  they  construct  bur- 
rows for  retreats  and  possibly  egg  case  construc- 
tion [F].  Species  of  the  genus  Rabidosa  possess 
in  common  the  characteristic  dorsal  pattern  on 
the  cephalothorax  and  abdomen  described  above 
[G],  a herb  or  shrub  microhabitat  preference  [H], 
and  do  not  construct  burrows  for  daily  retreats 

[I]. 

Rabidosa  punctulata  and  R.  carrana  share 
similarities  in  dorsal  abdominal  pattern  (Figs.  8, 
9)  [J],  and  a venter  splotched  with  black  or  black 
with  white  spots  [K].  The  distinct  epigynum  and 
palpus  of  Rabidosa  punctulata  (Figs.  19-22)  sep- 
arate it  from  other  species  in  this  group  with 
regard  to  genitalic  features  [L].  Because  of  its 
distinct  genitalic  characters  Dondale  and  Redner 
(pers.  comm.)  feel  that  the  color  pattern  of  this 
species  has  evolved  convergently  as  a response 
to  a similar  habitat,  rather  than  as  a synapo- 
morphy.  On  the  other  hand,  R.  rabida  and  R. 
punctulata  are  largely  sympatric  and  syntopic 
throughout  their  ranges  (compare  Maps  1 and 
2).  The  dramatic  difference  seen  in  the  genitalia 
of  R.  punctulata  and  R.  rabida  may  have  resulted 
from  initial  encounters  of  these  two  species  after 
allopatric  speciation.  Rabidosa  carrana  is  distin- 


guished from  R.  punctulata  by  the  black  venter 
with  six  white  dots  [M].  These  two  species  are 
largely  allopatric  in  distribution  (Map  2),  indi- 
cating a relatively  recent  divergence. 

Rabidosa  carrana,  R.  hentzi,  R.  rabida  and  R. 
santrita  are  related  by  similarities  in  the  structure 
of  the  median  septa  of  the  epigyna  (Figs.  14,  18, 
26,  30)  [N]  and  the  structure  of  the  palpal  ele- 
ments [O].  In  Figs.  11,  15,  23,  and  27  compare 
the  paleae,  emboli,  conductors,  subterminal  and 
terminal  apophyses,  and  median  apophyses.  All 
are  based  upon  the  same  essential  format.  Ra- 
bidosa carrana  has  been  grouped  with  R.  punc- 
tulata based  upon  characteristics  previously  cit- 
ed. Rabidosa  hentzi,  R.  rabida  and  R.  santrita 
all  have  a pale  venter  with  a few  dark  spots  [P], 
in  contrast  to  the  dark  venters  of  R.  punctulata 
and  R.  carrana  [K].  The  development  of  claw 
tufts  [Q]  in  R.  hentzi  (Miller  et  al.  1988)  con- 
comitant with  its  preference  for  shrubby  vege- 
tation [R]  readily  separate  this  species  from  R. 
rabida  and  R.  santrita. 

Rabidosa  rabida  and  R.  santrita  are  considered 
sister  species  based  upon  strong  similarities  in 
the  structure  of  the  median  septa  of  their  epigyna 
(Figs.  14,  18)  [S]  and  the  structure  of  their  palpal 
sclerites.  Compare  the  paleae,  emboli,  conduc- 
tors, subterminal  and  terminal  apophyses,  and 
median  apophyses  (Figs.  11,  12,  15,  16)  [T].  In 
addition  the  dorsal  abdominal  stripes  in  these 
two  species  are  interrupted  by  spots  (R.  rabida) 
or  chevrons  (R.  santrita),  not  solid  as  in  R.punc- 
tulata and  R.  carrana.  A distinctive  feature  of 
R.  rabida  is  the  presence  of  anterior-lateral  sub- 
chambers or  bulbs  on  the  spermathecae  (Fig.  1 3) 
[U].  In  R.  santrita  these  bulbs  are  absent,  but 
two  ducts  extending  from  a truncated  anterior- 
lateral  area  of  the  spermathecae  are  unique  to 
this  species  [V].  The  close  morphological,  eco- 
logical, and  behavioral  resemblance  of  R.  rabida 
and  R.  santrita  together  with  their  strongly  al- 
lopatric distribution  (Map  1)  suggests  a recent 
divergence  of  these  two  species,  due  perhaps  to 
Pleistocene  glaciation. 
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HAWAIIAN  SPIDERS  OF  THE  GENUS  TETRAGNATHA:  III. 
TETRAGNATHA  ACUTA  CLADE 


Rosemary  G.  Gillespie:  Hawaiian  Evolutionary  Biology  Program  and  Dept,  of 
Zoology,  University  of  Hawaii,  Honolulu,  Hawaii  96822  USA 

ABSTRACT.  This  study  continues  documentation  of  the  species  radiation  of  the  genus  Tetragnatha  in  the 
Hawaiian  archipelago.  The  T.  acuta  clade  comprises  four  known  species  which  are  characterized  by  pointed 
abdomens,  with  strong  patterns  of  black  on  white  or  brown/gray  accentuating  the  dorsal  peak.  They  tend  to 
specialize  on  habitats  (such  as  exposed  ridges,  lava  rock  and  dry  forest)  which  appear  to  be  unfavorable  to  their 
congeners.  Three  new  species  are  described  in  this  clade;  and  the  morphology,  ecology  and  distribution  of 
representatives  are  compared. 


The  Hawaiian  Islands  are  characterized  by  ex- 
ceptionally high  numbers  of  species  representing 
very  few  species  groups  (Simon  1987)  and  pro- 
vide some  of  the  best  illustrations  of  such  species 
swarms  including  both  animals  (e.  g.,  drepaniid 
honeycreepers  [Freed  et  al.  1987],  land  snails 
[Cooke  et  al.  1960],  crickets  [Otte  1989],  and 
Drosophila  [Carson  & Kaneshiro  1976;  Kane- 
shiro  & Boake  1987])  and  plants  (e.  g.,  silver- 
swords  and  their  relatives  [Carr  1987]).  Several 
groups  of  spiders  have  undergone  species  radi- 
ations in  the  islands,  yet  little  is  known  of  the 
extent  or  nature  of  these  radiations.  In  particular, 
three  genera  are  known  to  be  exceptionally  di- 
verse in  the  Hawaiian  archipelago:  Tetragnatha 
(Tetragnathidae  [Karsch  1880;  Simon  1900; 
Okuma  1988;  Gillespie  1991,  1992]),  Theridion 
(Theridiidae  [Simon  1900])  and  Mecaphesa 
(Thomisidae  [Simon  1900;  Suman  1970;  Leh- 
tinen  1993]).  Many  representatives  of  these 
groups  remain  undescribed,  and  analyses  of  pat- 
terns of  phylogeny  have  only  recently  been  ini- 
tiated (Gillespie  1993;  Gillespie  et  al.  1994). 

This  paper  is  the  third  in  a series  documenting 
the  radiation  of  Tetragnatha  spiders  in  the  ar- 
chipelago. The  species  described  in  the  present 
paper  are  distinct  in  shape  and  pattern  of  the 
abdomen  and  carapace  and  the  shape  of  the  pal- 
pal conductor.  The  abdomen  is  drawn  up  to  a 
peak,  the  depth  sometimes  even  equaling  the 
length  (Figs.  14,  29,  38);  the  pattern  on  the  ab- 
domen consists  of  distinctive  black  marks  on  a 
gray,  or  creamy  white,  background.  The  palpal 
conductor  is  very  similar  in  shape  in  all  species, 
consisting  of  a simple  cap  (Figs.  7,  22,  39,  45- 
47).  The  leg  macrosetae  are  short,  unlike  repre- 
sentatives of  the  ‘spiny  leg’  clade  (Gillespie  1991); 


and  individuals  build  the  small,  flimsy  webs 
characteristic  of  the  genus  Tetragnatha.  In  ad- 
dition, the  spiders  tend  to  specialize  on  particular 
habitats,  where  they  may  be  locally  abundant. 
These  habitats  include  dry  forest  for  T albida 
new  species,  exposed  lava  rock,  craggy  ridges  and 
wet  bogs  for  T.  acuta  Gillespie,  and  exposed  cliflf- 
sides  for  T.  maka  new  species. 

METHODS 

Characters  examined. — Measurements  were 
taken  of  eye  separation;  cheliceral  tooth  pattern; 
form  and  setation  of  the  first  and  third  legs  (I 
and  III  representing  the  greatest  divergence  in 
leg  function);  and  form  and  pattern  of  the  dor- 
sum, venter,  carapace,  and  sternum.  In  order  to 
estimate  variability  within  a taxon  and  deter- 
mine which  features  best  characterize  a species, 
I attempted  to  measure  at  least  six  individuals 
of  each  sex  of  each  species  with  additional  ob- 
servations on  other  individuals  once  diagnostic 
characters  had  been  identified.  Genitalia  of  both 
sexes  were  examined  using  the  methods  de- 
scribed in  Gillespie  (1991). 

Terminology.— The  terminology  for  the  teeth 
on  the  cheliceral  margins  of  the  males  is  that  used 
in  previous  papers  (Gillespie  1991,  1992;  see 
Okuma  1987,  1988).  CITR  (cheliceral  inter-tooth 
ratio)  is  the  ratio  of  lengths  between  the  distal 
end  of  the  male  chelicerae  to  si:  si  to  T:  T to 
rsu  1 . Setation  on  the  legs  of  females  is  given  for 
femur  I (fl),  tibia  I (tl),  and  metatarsus  I (ml) 
using  the  format:  n/n/n  for  the  numbers  of  pro- 
lateral/dorsal/retrolateral  macrosetae.  Setation 
is  also  given  for  femur  III  (fill),  tibia  III  (till), 
and  metatarsus  III  (mill). 

Most  of  the  specimens  were  collected  by  the 
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Figures  \~\5.~Tetragnatha  maka  new  species,  I--?,  male  holotype;  and  8-15,  female  allotype.  Male:  1. 
Promargin  of  right  chelicera;  2.  Retromargin  of  left  chelicera;  3.  Dorsal  spur  of  chelicera,  lateral  view;  4.  Carapace, 
dorsal;  5.  Right  leg  I,  dorsal;  6.  Right  leg  III,  prolateral;  7.  Left  palpus,  prolateral.  Female:  8.  Promargin  of  right 
chelicera;  9.  Retromargin  of  left  chelicera;  1 0.  Carapace,  dorsal;  1 1 . Right  leg  I,  dorsal;  1 2.  Right  leg  III,  prolateral; 
13.  Abdomen,  dorsal;  14.  Abdomen,  lateral;  15.  Seminal  receptacles,  ventral.  Scale  bar  (mm)  at  Fig.  2 applies 
to  Figs.  1-4;  at  Fig,  5 to  Figs.  5,  6;  at  Fig.  9 to  Figs  8-10;  at  Fig.  12  to  Figs.  11,  12;  and  at  Fig.  14  to  Figs. 
13,  14. 


GILLESPIE-- HAWAIIAN  TETRAGNATHA 


163 


author  (RGG),  A.  C.  Medeiros  (ACM),  C.  Par- 
rish (CP),  W.  D.  Perreira  (WDP),  D.  J,  Preston 
(DIP),  and  George  K.  Roderick  (GKR).  All  ho- 
lotypes  are  in  the  Bishop  Museum,  and  all  para- 
types  are  currently  in  the  author’s  collection. 

Tetmgnatha  maka  new  species 
(Figs.  1-15) 

Types.— Holotype  male,  allotype  female  from 
Kalalau  Overlook,  4280  ft  (1300  m),  Kauai  Is- 
land (7  May  1992),  (R.  G.  Gillespie  & D.  J.  Pres- 
ton), deposited  in  the  Bishop  Museum,  Hono- 
lulu. 

Etymology.— The  specific  epithet,  a noun  in 
apposition,  is  the  Hawaiian  word  meaning  ‘point’, 
and  refers  to  the  shape  of  the  abdomen  of  these 
spiders. 

Diagnosis.  — Tetragnat ha  maka  could  be  con- 
fused with  T.  acuta.  Both  sexes  are  readily  di- 
agnosed by  the  lack  of  leg  macrosetae  on  tibia  I 
(prolateral,  dorsal,  retrolateral  0,  1,  1,  as  com- 
pared to  3,  2,  3 in  T.  acuta).  The  spiders  are 
small,  with  a distinct  pattern  on  the  carapace. 
The  cheliceral  armature  is  distinct  from  all  other 
species  in  the  group. 

Description.— male:  (Figs.  1-7). 
Chelicerae  about  two-thirds  carapace  length. 
Cheliceral  fang  slightly  shorter  than  base,  bent 
over  at  both  proximal  and  distal  ends.  Promargin 
of  chelicerae  (Fig.  1):  distance  between  Gu  and 
si  slightly  greater  than  between  si  and  T,  CITR 
4:3:3;  Gu  indistinct  or  absent;  si  small  point, 
projecting  directly  out  from  margin,  width  35% 
length  (approximately  half  width  and  height  of 
T);  T quite  short,  robust  peak;  rsu  four  straight 
spikes.  Retromargin  of  chelicerae  (Fig.  2):  total 
of  4-5  teeth;  AX  1 tiny  and  indistinct;  G 1 robust, 
slightly  larger  than  rest  of  teeth  on  retromargin. 
Dorsal  spur  short  (9%  carapace  length),  tip  blunt- 
ly pointed  (Fig.  3).  Length  of  carapace  1.7  mm 
(1.6-1. 8),  total  length  4.0  mm  (Fig.  4).  Thoracic 
fovea  two  semicircular  depressions  with  black 
markings  radiating  toward  lateral,  proximal  and 
distal  margins.  Coloration  and  eye  pattern  as  in 
female.  Abdomen  with  indistinct  medial  tuber- 
cle. Leg  setation  similar  to  female  (Figs.  5,  6). 
Conductor  tip:  (Fig.  7).  Conductor  cap  simple, 
not  highly  peaked,  with  small  backward  flange; 
apex  blunt. 

Allotype  female:  (Figs.  8-15).  Chelicerae  just 
less  than  half  length  of  carapace.  Cheliceral  fang 
quite  short  (approximately  half  length  of  base), 
tapering  to  smooth  point  distally.  Promargin  of 
chelicerae  (Fig.  8):  series  of  4-5  teeth;  U 1 robust. 


slightly  narrower,  much  shorter  (<  half)  and  well 
separated  from  (12%  cheliceral  length)  U2  and 
U3;  U2  slightly  larger  than  U3;  U4-U6  decreas- 
ing in  size  proximally.  Retromargin  of  chelicerae 
(Fig.  9):  series  of  five  teeth  decreasing  in  size 
proximally:  LI  similar  in  height  to  U1  and  L2 
and  slightly  separated  from  L2.  Length  of  cara- 
pace 2.4  mm,  total  length  4.8  mm.  Eyes  larger 
than  distance  separating  them;  median  ocular 
area  slightly  wider  posteriorly  (Fig.  10);  lateral 
eyes  contiguous.  Carapace  brown  with  double 
fovea  consisting  of  two  broken  semicircles,  and 
with  dark  markings  radiating  towards  ocular  area; 
sternum  dusky  dark.  Abdomen  raised  to  peak  at 
midline,  height  1 .8  mm;  dorsum  brown  with  black 
marks  accentuating  medial  protuberance  (Fig.  1 3, 
1 4);  venter  brown  with  medial  dark,  longitudinal 
bar.  Legs  brown  with  dark  bands  at  distal  mar- 
gins of  each  joint  (Figs.  11,  12).  Leg  setation:  fl 
3/2/0;  tl  0/1/1;  ml  1/1/1;  fill  with  no  ventral, 
and  till  and  mill  without  prolateral,  macrosetae. 

Seminal  receptacles  (Fig.  1 5):  lobes  compact, 
medial  area  forming  a tight  coil. 

Natural  Disiory. — Tetragnatha  maka  builds 
webs  almost  exclusively  in  small  dwarf  trees,  par- 
ticularly Ohia  {Metrosideros  polymorpha),  on 
precipitous  windswept  mountain  ledges  in  wet- 
to~mesic  forest  on  west  Kauai. 

Far atypes.— Kauai  Island,  on  the  upper  lips 
of  the  Waimea  Canyon  1040  m,  I6l9,  27  July 
1990  (RGG  & CP);  rim  of  Kalalau  Overlook 
1 300  m,  2625,  7 May  1 992  (RGG  & DIP);  Waia- 
lae-Mohihi  Trail,  DOFAW  transect  5,  station  8, 
1200  m,  19,  28  February  1990  (RGG  & CP); 
Mohihi  Ditch,  1070  m,  39,  17  February  1991 
(RGG  & GKR);  Milolii  Trail,  Kuia  Natural  Area 
Reserve,  600  m,  15,  19  February  1991  (RGG  & 
GKR). 

Tetragnatha  albida  new  species 
(Figs.  16-30,  45) 

Types.— Holotype  male,  allotype  female  from 
Maui,  Auwahi,  4100  ft  (1250  m),  Maui  Island, 
1 2 May  1 990  (R.  G.  Gillespie  & A.  C.  Medeiros), 
deposited  in  the  Bishop  Museum,  Honolulu. 

Etymology.— The  specific  epithet  is  the  Latin 
word  meaning  ‘whitish’,  and  refers  to  the  green- 
tinged  white  coloration  of  these  spiders. 

Diagnosis.  — Tetragnatha  albida  could  be  con- 
fused with  T.  acuta.  Both  sexes  are  readily  di- 
agnosed by  their  coloration  and  eye  pattern.  The 
carapace,  abdomen,  and  legs  are  white  with  a 
slight  tinge  of  green  in  life  (creamy  yellow  in 
alcohol),  and  only  the  abdomen  carries  the  dis- 
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Figures  \6-l>Q.--Tetragnatha  albida  new  species,  16-22,  male  holotype;  and  23-30,  female  allotype,  16. 
Promargin  of  right  chelicera;  17.  Retromargin  of  left  chelicera;  18.  Dorsal  spur  of  chelicera,  lateral  view;  19. 
Carapace,  dorsal;  20.  Right  leg  I,  dorsal;  21.  Right  leg  III,  prolateral;  22.  Left  palpus,  prolateral.  Female:  23. 
Promargin  of  right  chelicera;  24.  Retromargin  of  left  chelicera;  25.  Carapace,  dorsal;  26.  Right  leg  I,  dorsal;  27. 
Right  leg  III,  prolateral;  28.  Abdomen,  dorsal;  29.  Abdomen,  lateral;  30.  Seminal  receptacles,  ventral.  Scale  bar 
(mm)  at  Fig.  16  applies  to  Figs.  16-19;  at  Fig.  21  to  Figs.  20,  21;  at  Fig.  24  to  Figs.  23-25;  at  Fig.  27  to  Figs. 
26,  27;  and  at  Fig.  28  to  Figs.  28,  29. 
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tinctive  black  pattern  characteristic  of  the  group. 
The  lateral  and  median  eyes  are  separated  by 
more  than  the  width  of  the  eyes  (separation  much 
less  than  eye  width  in  T.  acuta).  Tibia  I has  3 
prolateral,  2 dorsal,  3 retrolateral  macrosetae. 
Tetragnatha  albida  could  also  be  confused  with 
T.  kea  (diagnostic  characters  given  below). 

Description. male:  (Figs.  16-22). 
Chelicerae  shorter  (85%)  than  length  of  carapace. 
Cheliceral  fang  slightly  shorter  than  base,  bent 
over  at  both  proximal  and  distal  ends.  Promargin 
of  chelicerae  (Fig.  1 6):  distance  between  Gu  and 
si  slightly  greater  than  between  si  and  T,  CITR 
4:3:3;  Gu  a distinct  finger;  si  robust,  sharply 
angled  down  towards  proximal  margin  of  che- 
licerae, width  about  half  length  (approximately 
same  width  and  60%  height  of  T);  T tall,  quite 
wide,  bent  slightly  up  toward  distal  margin  of 
chelicerae;  rsu  4-6  straight  spikes.  Retromargin 
of  chelicerae  (Fig.  17):  total  of  5-8  teeth;  AXl 
tiny  notch;  G1  and  rest  of  teeth  on  retromargin 
of  chelicerae  all  quite  strong.  Dorsal  spur  long, 
bent  finger  (17%  length  of  carapace);  tip  bifur- 
cated (Fig.  18).  Length  of  carapace  1.9  mm  (1.8- 
2.2),  total  length  5.9  mm  (Fig.  19).  Thoracic  fo- 
vea two  semicircular  depressions  with  no  black 
markings.  Coloration  and  eye  pattern  as  in  fe- 
male. Abdomen  with  distinct  medial  tubercle, 
height  2.0  mm.  Leg  setation  similar  to  female 
(Figs.  20-21).  Conductor  tip:  (Figs.  22,  45).  Con- 
ductor cap  similar  to  others  in  group,  with  stem 
curving  over  to  form  short  flange  projecting  be- 
hind, triangular  portion  in  front;  apical  projec- 
tion short  with  forward  curl. 

Allotype female:  (Figs.  23-30).  Chelicerae  about 
% length  of  carapace.  Cheliceral  fang  quite  short 
(approximately  half  length  of  base),  tapering  to 
smooth  point  distally.  Promargin  of  chelicerae 
(Fig.  23):  six  teeth,  U1  robust,  almost  as  wide 
but  shorter  Qh)  and  well  separated  from  (V4  chel- 
iceral length)  U2  and  U3;  U2  and  U3  of  similar 
height,  U4-U6  decreasing  in  size  proximally.  Re- 
tromargin of  chelicerae  (Fig.  24):  series  of  six 
teeth:  LI  similar  in  height  to  U 1 and  L2,  slightly 
separated  from  L2,  decreasing  in  size  proximally. 
Length  of  carapace  2.7  mm,  total  length  7.6  mm. 
Eyes  separated  by  distance  greater  than  width  of 
eyes.  Median  ocular  area  slightly  wider  posteri- 
orly (Fig,  25);  lateral  eyes  contiguous.  Carapace 
uniformly  pale  yellow  (oflf-white  in  life)  with  dou- 
ble fovea  consisting  of  two  broken  semicircles; 
sternum  uniformly  pale  yellow.  Abdomen  with 
medial  tubercle,  height  4.0  mm;  dorsum  pale 
white-yellow  (green-tinged  white  in  life),  with 


black  marks  accentuating  medial  protuberance 
(Figs.  28,  29);  venter  uniformly  pale.  Legs  uni- 
formly pale  yellow,  unbanded  (Figs.  26,  27).  Leg 
setation:  fl  5/1/2;  tl  3/2/3;  ml  1/1/1;  fill  with 
no  ventral,  and  till  and  mill  with  one  prolateral, 
macrosetae.  Seminal  receptacles:  (Fig.  30).  Two 
kidney-shaped  bulbs  linked  together,  medial 
portion  rather  heavily  sclerotized  on  inner  bor- 
der; central  portion  similar  in  width  to  bulbs,  fits 
well  within  area  defined  by  outer  limits  of  bulbs. 

Natural  \i\siory  . — Tetragnatha  albida  occurs 
in  remnant  dry  forest  of  East  Maui,  a discrete 
dryland  community  on  unweathered  lava  with 
little  soil  formation.  Individuals  build  webs  in 
the  trees  at  night,  and  spend  the  day  camouflaged 
against  the  green-tinged  white  lichen  that  covers 
many  of  the  trees.  Auwahi  on  East  Maui,  the 
type  locality  of  T.  albida,  has  been  widely  known 
as  the  finest  dryland  forest  remaining  on  Maui 
and  among  the  best  remaining  in  the  Hawaiian 
Islands  (Rock  1913).  However,  despite  remain- 
ing rich  in  native  dry  forest  tree  species,  Auwahi 
is  now  dominated  by  the  aggressive  mat-forming 
kikuya  grass  {Pennisetum  clandestinum).  Fur- 
thermore, most  native  tree  species  of  Auwahi 
have  only  older,  senescent  individuals  present 
with  virtually  no  smaller  size  classes  to  indicate 
a reproducing  population  (Medeiros  et  al.  1986). 
Without  management,  this  dryland  forest  and  its 
spider  fauna  may  largely  disappear  in  the  next 
few  decades. 

Paratypes.—AfflM/  Island,  Auwahi  tract,  1 100- 
1250  m,  36189,  12  May  1990  (RGG  & ACM). 

Tetragnatha  kea  new  species 

(Figs,  31-38,  46) 

Types.— Holotype  male  from  Hakalau,  6150 
ft  (1880  m),  Hawaii  Island,  12  October  1990  (R. 
G.  Gillespie),  deposited  in  the  Bishop  Museum, 
Honolulu. 

Etymology.— The  specific  epithet  is  the  Ha- 
waiian word  meaning  ‘white’,  and  refers  to  the 
creamy  white  coloration  of  these  spiders. 

Dmgmsls. — Tetragnatha  kea  is  most  easily 
confused  with  T.  albida.  It  is  distinguished  pri- 
marily by  the  single  cephalothoracic  fovea  (dou- 
ble in  T.  albida)  and  the  strong  cephalothoracic 
markings  (dorsal  and  ventral)  (uniformly  pale  in 
T albida).  The  ecological  affinities  of  the  two 
species  are  very  different,  with  T.  albida  occur- 
ring in  remnant  dry  forest  of  Maui,  and  T.  kea 
in  high  elevation  wet  forest  on  Hawaii  Island. 

Description.— male:  (Figs.  31-38). 
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Figures  3 \-4A.—Tetragnatha  kea  new  species,  male  holotype  and  Tetragnatha  acuta.  3 1--39,  Tetragnatha  kea. 
3L  Promargin  of  right  chelicera;  32.  Retromargin  of  left  chelicera;  33.  Dorsal  spur  of  chelicera,  lateral  view; 
34.  Carapace,  dorsal;  35.  Right  leg  I,  dorsal;  36.  Right  leg  III,  prolateral;  37.  Abdomen,  dorsal;  38.  Abdomen, 
lateral;  39.  Left  palpus,  prolateral.  40-44,  Tetragnatha  acuta.  40.  Promargin  of  right  chelicera  of  male;  41. 
Dorsal  spur  of  male  chelicera,  lateral  view;  42.  Female  carapace,  dorsal;  43.  Right  leg  I of  female,  dorsal;  44. 
Right  leg  III  of  female,  prolateral.  Scale  bar  (mm)  at  Fig.  32  applies  to  Figs.  31-34;  at  Fig.  36  to  Figs.  35-38; 
at  Fig.  40  to  Figs.  40,  41;  and  at  Fig.  44  to  Figs  43,  44. 
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Chelicerae  85%  length  of  carapace.  Cheliceral  fang 
slightly  shorter  than  base,  bent  over  at  both  prox- 
imal and  distal  ends.  Promargin  of  chelicerae 
(Fig.  31):  distance  between  Gu  and  si  slightly 
greater  than  between  si  and  T,  CITR  4:3:3;  Gu 
small  tubercle;  si  very  robust,  wedge-shaped, 
sharply  angled  down  toward  proximal  margin  of 
chelicerae,  width  70%  length  (1.5  times  wider 
than  T,  but  shorter,  60%%  height);  T tall,  quite 
wide,  bent  slightly  up  toward  distal  margin  of 
chelicerae;  rsu  4-6  straight  spikes.  Retromargin 
of  chelicerae  (Fig.  32):  total  of  5-6  teeth;  AXl 
tiny  notch,  G1  and  rest  of  teeth  all  quite  strong. 
Dorsal  spur  long,  bent  finger  ( 1 7%  length  of  car- 
apace); tip  bifurcated  (Fig.  33).  Length  of  cara- 
pace 1.9  mm,  total  length  5.3  mm  (Fig.  34).  Eyes 
separated  by  distance  greater  than  width  of  eyes 
(Fig.  34);  lateral  eyes  contiguous.  Carapace  pale 
yellow  (off-white  in  life),  thoracic  fovea  single 
and  marked  by  heavy  black  line  running  poste- 
riorly to  distal  margin  of  carapace;  sternum  pale 
yellow  with  broad  black  border  along  lateral  mar- 
gins. Abdomen  with  distinct  medial  tubercle, 
height  1 .9  mm;  dorsum  pale  white-yellow  (green- 
tinged  white  in  life),  with  black  marks  accentu- 
ating medial  protuberance  (Figs.  37,  38);  venter 
uniformly  pale.  Leg  setation  (Figs.  35,  36):  fl  4/3/ 
2;  tl  3/2/3;  ml  1/1/1;  fill  with  no  ventral,  and 
till  and  mill  with  one  prolateral  macrosetae. 
Conductor  tip:  (Figs.  39,  46).  Conductor  cap  sim- 
ilar to  T.  albida. 

Female:  Unknown. 

Natural  history.— To  date,  only  two  males  of 
T.  kea  have  been  found,  both  in  the  Hakalau 
forest  area  on  the  windward  slopes  of  Mauna 
Kea,  at  6150  ft  (1880  m).  The  forest  in  this  area 
is  wet,  with  a canopy  dominated  by  Ohia  {Me- 
trosideros  polymorpha).  Little  is  known  of  the 
habits  of  this  species. 

Paratypes.— Island,  Hakalau  Forest 
Reserve:  1880  m,  16,  5 January  1991  (R.  Peck). 

Tetragnatha  acuta  Gillespie 
(Figs.  40-44) 

Tetragnatha  acuta  Gillespie  1992:  8-9,  figs.  29-42  (male 
holotype  from  United  States:  Hawaii,  Maui  Island, 
Honomanu  Valley,  Waikamoi,  1585  m,  in  Bishop 
Museum,  examined). 


Tetragnatha  acuta  was  described  from  East 

Maui  (Gillespie  1992),  but  appears  to  occur 
throughout  Molokai,  Maui  and  Hawaii  islands. 
The  species  is  described  here  briefly  for  com- 
parison with  others  in  the  group.  CITR  4:3:3 


Figure  45-47.— Scanning  electron  micrographs  of 
conductor  tips  of  male  palps  (scale  on  each  400  x ).  45. 
Tetragnatha  albida  new  species;  46.  Tetragnatha  kea 

new  species;  47.  Tetragnatha  acuta  (from  Hawaii). 
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(Fig.  40);  Gu  small;  si  robust,  projecting  toward 
proximal  margin  of  chelicerae;  T tall,  pointing 
straight  out  from  cheliceral  margin.  Conductor 
cap  simple,  peaked,  with  small  backward  flange, 
short  apical  curl  (Fig.  47).  In  females,  length  of 
carapace  2.0-2. 5 mm,  total  length  5. 0-7.0  mm. 
Eyes  larger  than  distance  separating  them  (Fig. 
42);  lateral  eyes  contiguous.  Carapace  brown  with 
single  fovea,  with  dark  markings  radiating  from 
fovea  toward  ocular  area;  sternum  dusky.  Ab- 
domen raised  to  peak  at  midline,  height  3. 0-3. 5 
mm;  dorsum  brown  with  black  marks  accentu- 
ating medial  protuberance;  venter  brown  with 
medial  dark,  longitudinal  bar.  Legs  brown  with 
dark  bands  at  distal  margins  of  each  joint  (Figs. 
43-44).  Leg  setation:  fl  5/1/4;  tl  3/2/3;  ml  1/1/ 
1;  fill  with  no  ventral,  and  till  and  mill  with 
one  prolateral,  macrosetae. 

Natural  history . — Tetragnatha  acuta  is  locally 
abundant,  primarily  in  habitats  inhospitable  to 
other  species.  In  particular,  on  Maui  and  Mo- 
lokai it  builds  small  webs  low  down  in  low,  scrub- 
by vegetation  in  bogs,  or  on  windswept  mountain 
ledges.  On  Hawaii  Island,  the  species  reaches  its 
highest  abundance  on  the  scrubby,  sparse  vege- 
tation that  occurs  on  new  lava  flows,  particularly 
near  the  edges  of  forested  areas. 

Material  examined.— HAWAII:  Molokai  Island, 
Kamakou  Preserve,  Puu  Kolekole,  1 220  m,  1 9,  2 1 June 
1988  (RGG  & CP);  1169  m,  1<519,  16  March  1991 
(RGG  & GKR).  Kawela  Gulch,  1110  m,  l<3l9,  23  June 
1988  (RGG  & CP).  Kawela  Gulch,  1070  m,  I5l9,  17 
March  1 99 1 ,(RGG  & GKR).  Maui  Island,  West  Maui, 
Puu  Kukui,  1740  m,  15,  22  February  1991  (RGG  & 
GKR);  Mount  Eke,  1340  m,  45149,  21  February  1991 
(RGG  & GKR).  Haleakala,  Honomanu  Gulch,  1585 
m,  15 19,  6 February  1990  (RGG).  Opana  Gulch,  1340 
m,  251 9,  8 February  1990  (RGG  & J.  Burgett);  15,  27 
February  1 993  (RGG,  P.  Follett  & GKR);  Hanawi  Val- 
ley, 1340  m,  19,  9 February  1990  (RGG  & R.  Rydell). 
Bogs,  N.  E.  Rift  Haleakala,  1676  m,  89,  15-18  January 
1988  (RGG  & ACM).  Kipahulu  Valley,  1980  m,  19, 
27  April  1988  (RGG  & ACM).  Hawaii  Island,  Ko- 
halas,  Kahua  Ranch,  1 190  m,  I5l9, 26  July  1991  (RGG, 
K.  Y.  Kaneshiro,  WDP  & CP);  Puu  O Umi,  Upper 
Hamakua  Ditch,  1220  m,  15 1 9,  20  October  1990  (RGG 
& DJP).  Hualalai,  Kaloko  Drive,  1 100  m,  19,  30  July 
1988  (RGG  & CP).  Mauna  Kea,  Hakalau,  1880  m, 
2539,  12  October  1990  & 13  October  1990  (RGG,  DJP 
& L Felger).  Mauna  Kea-Mauna  Loa  Saddle,  Kipuka 
6-8,  Saddle  Road,  1540-1600  m,  8589,  25  July  1988 
(RGG  & CP);  Kipuka  9,  Saddle  Road,  1530  m,  39,  4 
January  1991  (RGG  & CP)  and  19, 1 April  1991  (WDP); 
Kipuka  at  mile  21-22,  1660  m,  1539,  12  March  1990 
(RGG  & J.  1.  M.  Gillespie);  trail  between  Puu  Laau 
and  Ahumoa,  2200  m,  l9,  10  January  1990  (WDP); 


Puu  Huluhulu,  2060  m,  19,  3 August  1991  (W.  P. 

Maddison).  Mauna  Loa,  Thurston,  Volcanoes  Nation- 
al Park,  1190  m,  15,  31  July  1988  (RGG  & CP);  Ki- 

pahoehoe  1220  m,  2539,  16  October  1990  (RGG,  DJP 

& J.  Kiyabu). 
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RESEARCH  NOTES 


THE  LIMITS  OF  STRATIGRAPHIC  EVIDENCE 
IN  ASSESSING  PHYLOGENETIC  HYPOTHESES 
OE  RECENT  ARACHNIDS 


In  recent  reviews  of  the  arachnid  fossil  record, 
Selden  (1990,  1993)  suggests  that  alternative 
phylogenetic  hypotheses  of  Recent  arachnids  be 
evaluated  with  stratigraphic  evidence.  He  rea- 
sons that  “successive  dichotomies  in  clades  must 
occur  in  ascending  chronological  order;  thus  a 
cladogram  reflecting  evolutionary  events  should 
concur  with  a complete  fossil  record  in  the  se- 
quence of  events”  (Selden  1990).  Based  on  this 
premise,  Selden  proposes  that  the  relative  ac- 
curacy of  alternative  phylogenetic  hypotheses  can 
be  evaluated  by  comparing  discrepancies  be- 
tween the  hypothesized  branching  orders  of  ex- 
tant lineages  and  the  order  in  which  they  first 
appear  in  the  fossil  record.  Aspects  of  this  pro- 
posal may  appeal  to  common  sense  (e.  g.,  Cod- 
dington  & Levi  1991)  and  have  been  anticipated 
in  a quantitative  method  called  stratocladistics 
(Fisher  1988,  1991;  Maddison  & Maddison 
1992).  However,  I argue  here  that  stratigraphic 
tests  of  phylogeny  are  unworkable,  as  they  rest 
upon  the  questionable  assumption  that  the  origin 
of  extant  lineages  and  the  origin  of  their  diag- 
nostic characters  are  coupled  (Fig.  1).  In  fact, 
diagnostic  characters  (unique  autapomorphies) 
may  evolve  long  after  a lineage  diverges  from  its 
sister,  and  it  is  likely  that  the  first  recognizable 
fossil  members  of  an  extant  lineage  would  appear 
in  the  stratigraphic  record  well  after  the  lineage 
had  originated.  This  would  be  the  case  even  if 
the  stratigraphic  record  was  essentially  complete. 
The  purpose  of  this  essay  is  to  develop  this  line 
of  reasoning  and  to  argue  against  the  use  of  strati- 
graphic tests  of  phylogenetic  hypotheses. 

Phylogenetic  systematics  and  biostratigraphy 
attempt  to  estimate  the  relative  timing  of  events 
in  evolutionary  history,  but  these  events  differ 
in  kind.  Phylogenetic  systematics  estimates  the 
order  in  which  genetic  lineages  diverge  from  one 
another,  and  biostratigraphy  is  concerned  with 


the  order  in  which  morphologically  distinguish- 
able taxa  appear  in  the  fossil  record.  According 
to  this  reasoning,  stratigraphic  tests  of  phylogeny 
can  be  successful  only  to  the  extent  that  phylo- 
genetic divergence  is  coupled  with  the  evolution 
of  diagnostic  characters.  But  phylogenetic  sys- 
tematics and  evolutionary  theory  require  no  such 
coupling.  In  fact,  the  earliest  members  of  two 
sister  lineages  may  be  indistinguishable  from  one 
another  and  from  their  immediate  ancestors  in 
morphology,  behavior,  genetics,  etc.  This  situ- 
ation presents  few  problems  for  systematists 
working  on  deep  divergences  of  living  taxa,  since 
independent  lineages  are  differentiated  by  fea- 
tures that  may  have  evolved  long  after  their  phy- 
logenetic origin.  In  contrast,  sameness  among 
early  members  of  sister  taxa  and  their  ancestors 
creates  problems  for  constructing  accurate  strati- 
graphic ranges  for  clades,  as  one  or  both  of  two 
sister  lineages  may  exist  for  long  periods  before 
acquiring  the  characters  that  are  used  to  recog- 
nize their  living  members.  Because  there  is  no 
necessary  connection  between  the  time  a lineage 
first  appears  and  the  time  it  first  acquires  a di- 
agnostic character  of  its  living  members,  the  or- 
der of  stratigraphic  occurrence  and  the  order  of 
phylogenetic  diversification  need  not  correspond 
(Fig.  1).  Thus  the  order  of  stratigraphic  occur- 
rence should  not  be  used  to  evaluate  phylogenetic 
hypotheses  of  extant  taxa. 

The  assumed  coupling  of  phylogenetic  diver- 
gence and  the  origin  of  modem  diagnostic  char- 
acters has  also  inspired  an  expectation  that  a 
“tme”  cladogram  should  predict  the  stratigraph- 
ic occurrence  of  fossils  that  have  yet  to  be  dis- 
covered, such  as  Devonian  palpigrades,  Silurian 
opilionids  and  Devonian  solifuges  (Selden  1990; 
Shear  et  al.  1989).  For  example,  Selden  (1990) 
states  that  the  van  der  Hammen  and  Shultz 
cladograms  (Fig.  2B,  C)  predict  the  existence  of 
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Figure  1.— Trees  illustrating  the  limits  of  stratigraphic  data  for  evaluating  phylogenetic  hypotheses  of  living 
taxa.  Dark  regions  indicate  the  occurrence  of  diagnostic  characters  (unique  autapomorphies)  of  living  taxa  within 
the  history  of  each  lineage.  Prior  to  the  occurrence  of  the  first  modem  diagnostic  character,  members  of  one 
lineage  are  essentially  indistinguishable  from  their  immediate  ancestors  and  early  members  of  their  sister  lineage. 
Tree  A shows  coupling  between  the  origin  of  a lineage  and  the  origin  of  its  modem  diagnostic  characters,  the 
situation  required  for  stratigraphic  assessment  of  phylogeny.  Trees  B and  C show  other  possible  configurations 
in  which  stratigraphic  tests  would  falsify  the  “tme”  phylogeny. 


Silurian  opilionids  because  Silurian  scorpions 
have  already  been  documented.  But  this  is  not 
a precise  interpretation.  Given  the  existence  of 
Silurian  scorpions,  the  cladograms  predict  that 
a lineage  which  eventually  gave  rise  to  modem 
opilionids  was  present  during  the  Silurian,  but  it 
does  not  claim  that  any  diagnostic  characters  of 
modem  opilionids  were  present  at  that  time.  Op- 
ilionid  ancestors  may  have  occurred  in  the  Si- 
lurian but  may  be  indistinguishable  from  the 
common  ancestors  of  Opiliones  and  their  sister 
group  or  from  early  members  of  the  sister  group. 
If  arachnologists  agreed  to  include  unobserved 
and  unrecognizable  opilionid  ancestors  from  the 
Silurian  within  Opiliones,  then  Selden’s  state- 
ment would  true  by  definition,  but  this  approach 
would  impose  severe  problems  on  the  develop- 
ment of  any  phylogenetic  system  based  on  em- 
pirical evidence,  as  some  “opilionids”  would  be 
indistinguishable  from  some  non-opilionids. 
Thus,  I see  no  important  role  for  the  use  of  clado- 
grams in  forecasting  the  occurrence  of  living  lin- 
eages within  particular  strata. 

The  phylogenetic  significance  of  stratigraphic 
evidence  has  been  questioned  repeatedly,  pri- 
marily from  the  widely  held  perspective  that  the 
fossil  record  is  incomplete  and  unreliable.  Fisher 
(1989,  1991;  Maddison  & Maddison  1992)  has 
countered  that  if  such  criticisms  are  to  constitute 
scientific  arguments,  they  must  be  accompanied 


by  evidence  or  else  they  are  reduced  to  ad  hoc 
assertions.  He  proposes  an  optimality  criterion 
termed  stratigraphic  parsimony  which  favors 
cladograms  that  minimize  the  number  of  ad  hoc 
hypotheses  of  unreliable  stratigraphic  sampling, 
just  as  phylogenetic  parsimony  minimizes  ad  hoc 
assumptions  of  homoplasy.  In  Fisher’s  method 
(stratocladistics)  the  order  in  which  clades  appear 
in  the  stratigraphic  record  is  treated  as  a special 
kind  of  ordered  multistate  character,  and  the 
method  favors  that  distribution  of  stratigraphic 
appearances  that  minimizes  the  number  of  ad 
hoc  assumptions  that  a clade  was  present  but  not 
preserved  in  the  fossil  record.  In  this  way,  Fisher 
claims  to  give  stratigraphic  characters  empirical 
equivalence  with  traditional  phylogenetic  char- 
acters. 

Like  Selden’s  more  general  approach,  strato- 
cladistics is  based  on  the  questionable  assump- 
tion that  the  origin  of  clades  and  the  origin  of 
their  diagnostic  characters  are  coupled.  Accord- 
ing to  Fisher’s  logic,  uncertainty  as  to  the  first 
stratigraphic  occurrence  of  a living  lineage  is  de- 
rived solely  from  uncertainty  about  the  com- 
pleteness of  the  fossil  record;  it  is  assumed  that 
if  an  organism  is  preserved  and  found,  its  inclu- 
sion or  exclusion  from  a clade  will  be  obvious. 
However,  I have  argued  that  stratigraphic  tests 
of  phylogenetic  hypotheses  of  living  taxa  are  in- 
appropriate regardless  of  the  quality  of  the  fossil 
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ABC 

Figure  2.— Phylogenetic  hypotheses  of  Recent  Chelicerata.  A)  Weygoldt  & Paulus  (1979);  B)  van  der  Hammen 
(1989);  C)  Shultz  (1990).  Abbreviations:  AC,  Acariformes;  AM,  Amblypygi;  AN,  Anactinotrichida;  AR,  Araneae; 
OP,  Opiliones;  PA,  Palpigradi;  PS,  Pseudoscorpiones;  SC,  Scorpiones;  SO,  Solifugae;  SZ,  Schizomida;  TH, 
Thelyphonida  (Uropygi);  XI,  Xiphosura. 


record.  The  earliest  members  of  an  extant  lineage 
would  not  be  recognized  as  such  if  none  of  the 
diagnostic  characters  of  that  lineage  had  evolved. 
Early  members  of  a particular  clade  may  be  well 
known  as  fossils,  but  their  actual  phylogenetic 
affiliation  will  not  be  realized  because  the  diag- 
nostic characters  are  absent.  This  problem  would 
exist  even  if  early  members  of  a clade  were  pre- 
served in  abundance  and  in  ’perfect’  condition. 
As  stratigraphic  parsimony  fails  to  accommodate 
this  possibility,  stratigraphic  ’characters’  are  in- 
appropriate for  evaluating  phylogenetic  hypoth- 
eses of  extant  lineages. 

The  most  compelling  evidence  against  the  use 
of  stratigraphic  occurrence  in  assessing  phylo- 
genetic hypotheses  has  emerged  from  a recent 
empirical  study.  Norell  & Novacek  (1992)  tested 
for  positive  correlations  between  the  order  of 
stratigraphic  occurrence  and  the  order  of  phy- 
logenetic divergence  in  over  20  well-studied  ver- 
tebrate clades.  They  found  significant  positive 
correlations  in  only  a few  examples  and  many  of 
these  showed  substantial  residual  variation.  Fur- 
thermore, they  questioned  the  reliability  of  some 
positive  correlations,  noting  that  stratigraphic 
occurrence  may  have  played  a role  in  the  con- 
struction of  phylogenetic  hypotheses;  that  is, 
stratigraphic  and  phylogenetic  analyses  on  which 
their  study  was  based  may  not  have  been  inde- 
pendent. Norell  & Novacek  concluded  that 
stratigraphic  occurrence  is  not  a reliable  indi- 
cator of  the  order  of  phylogenetic  divergence  and 
that  stratigraphic  evidence  is  not  appropriate  for 
evaluating  the  specific  predictions  of  cladograms. 


In  summary,  I have  argued  that  stratigraphic 
evidence  is  inappropriate  for  assessing  phylo- 
genetic hypotheses  of  Recent  arachnids  or  in 
forecasting  the  occurrence  of  clades  within  par- 
ticular strata.  Stratigraphic  methods  assume  that 
the  order  in  which  diagnostic  characters  appear 
in  the  fossil  record  reflects  the  order  of  phylo- 
genetic divergence.  However,  this  assumption  has 
no  logical  or  empirical  justification.  Paleontology 
plays  an  important  role  in  phylogenetic  analysis 
by  discovering  and  describing  new  taxa  and  char- 
acters, but  fossil  evidence  has  no  empirical  pri- 
ority over  neontological  evidence  in  reconstruct- 
ing phylogenetic  history. 

I thank  Jason  Dunlop,  Norman  I.  Platnick, 
Paul  A.  Selden  and  William  A.  Shear  for  com- 
ments on  the  manuscript. 
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NOTAS  SOBRE  LAS  ARANAS  DE  LAS  ISLAS 
GUADALUPE  Y CEDROS,  BAJA  CALIFORNIA,  MEXICO 
(ARACHNIDA,  ARANEAE) 


La  fauna  de  aranas  de  las  islas  Guadalupe  y 
Cedros  es  poco  conocida;  hasta  ahora  solo  se  han 
registrado  siete  especies  de  Guadalupe  (Gertsch 
1958;  Griswold  1987;  Platnick  y Shadab  1977, 
1981, 1980b)  y seis  de  Cedros  (Barnes  1959;  Levi 
1957,  1977;  Platnick  y Shadab  1976,  1977,1980a; 
Roth  1984). 

La  isla  Guadalupe  se  encuentra  ubicada  a 
118°17'30''  O y 29°10'15"  N;  304  km  al  sureste 
de  Ensenada,  Baja  California  Mexico.  De  origen 
volcanico,  esta  isla  surgio  hace  siete  millones  de 
anos,  con  una  longitud  de  35  km,  una  anchura 
aproximada  de  1 1 km  y una  elevacion  de  1 300 
m.  En  las  partes  altas,  al  norte  y noroeste  de  la 
isla,  la  vegetacion  es  mas  abundante  debido  a 
una  mayor  humedad.  Las  especies  vegetales 
dominantes  en  esta  zona  son  el  cipres  de  Gua- 
dalupe {Cupressus  guadalupensis),  pinos  {Pinus 
remorata,  P.  muricata,  P.  radiata),  el  encino 
{Quercus  tomentella)  y el  junipero  de  California 
{Juniperus  californica  (Berdegue  1957). 

La  isla  Cedros  se  localiza  aproximadamente  a 

22.5  km  del  macizo  continental,  en  la  parte  sur- 
oeste  de  la  Bahia  Vizcaino  en  Baja  California. 
Esta  isla  es  parte  de  una  prolongacion  fisiografica 
al  noroeste  de  la  Sierra  de  San  Andres  y proba- 
blemente  es  el  resultado  de  la  sumersion  y emer- 
gencia  durante  el  Pleistoceno,  de  una  antigua 
cadena  montanosa  continua,  (Complejo  San 
Andres-Cedros)  que  data  del  Cretacico  (Lopez- 
Ramos  1985;  Padilla  et  al.  1991).  La  isla  Cedros 
tiene  una  longitud  de  38.6  km,  una  anchura  de 

17.5  km,  y una  elevacidn  de  1200  m.  La  vege- 
tacion de  la  isla  esta  constituida  principalmente 
por  bosque  de  pino  {Pinus  muricata  y Pinus  ra- 
diata) confinado  a las  partes  altas  de  la  zona  oeste 
y pendiente  norte;  bosque  de  juniperos  o “ced- 
ros” {Juniperus  californica)',  chaparral,  formado 
por  una  asociacion  de  chapizo  {Adenostoma  fas- 
iculatum),  manzanita  {Arctostaphylos  veatchii),  y 
encino  roble  {Quercus  chrysolepis)',  matorral  cos- 
tero  de  salvia  {Artemisa  californica)’,  matorral 
maiitimo  de  dunas  {Atriplex  julacea  y Frankenia 
palmeri)  y matorral  desertico  que  cubre  cerca  del 
95%  de  la  isla  (Bostic  1975). 


La  colecta  de  aranas  de  Guadalupe  se  realize 
durante  los  dias  11  y 12  de  noviembre  de  1991, 
en  el  bosque  de  Cupresus  guadalupensis,  situado 
en  la  parte  norte,  aproximadamente  a 1000  m 
de  elevacion  y en  el  matorral  rosetofilo  a 10  m 
de  elevacion.  En  la  isla  de  Cedros,  la  colecta  fue 
hecha  durante  los  dias  1 5 de  noviembre  de  1987 
y 14  y 15  de  noviembre  de  1991,  en  el  bosque 
de  Pinus  muricata  a 1060  m y en  el  matorral 
rosetofilo  en  el  Gran  Canon  a 20  m de  elevacion. 

En  este  trabajo  se  dan  a conocer  seis  nuevos 
registros  de  aranas  para  Guadalupe  y seis  para 
Cedros.  Las  especies  de  aranas  encontradas  en  la 
isla  Guadalupe,  a excepcion  de  Latrodectus  mac- 
tans  y Steatoda  pulcher  que  se  citan  en  varios 
paises  del  continente  americano,  estan  distri- 
buidas  en  Norte  America.  Las  especies  Sergiolus 
guadalupensis,  Habronatus  gigas,  Herpyllus  gi- 
ganteus  y Kibramoa  isolata,  solo  estan  citadas 
en  la  isla  Guadalupe,  por  lo  que  consideramos 
scan  las  unicas  especies  endemicas  de  esta  isla. 
Todas  las  especies  de  aranas  encontradas  en  la 
isla  Cedros  tienen  distribucion  continental,  prin- 
cipalmente en  la  peninsula  de  Baja  California. 

Este  estudio  formo  parte  del  proyecto  titulado 
“Conservacion  y Manejo  de  los  Recursos  Na- 
turales  de  las  islas  de  Pacifico  Mexicano”,  diri- 
gido  por  la  Secretaria  de  Gobemacion,  la  Secre- 
taria  de  Marina  y en  colaboracion  con  el  C.  1.  B. 

Se  agradece  al  Lie.  W.  de  la  Torre,  Jefe  del 
Departamento  de  Administacion  del  Territorio 
Insular,  al  Tecnico  F.  Cota  por  el  trabajo  de  Cam- 
po  y a la  Secretaria  de  Marina  de  la  Armada  de 
Mexico.  Este  trabajo  se  realizo  con  el  apoyo  del 
Centro  de  Investigaciones  Biologicas  del  No- 
roeste S.  C.,  y Consejo  Nacional  de  Ciencias  y 
Tecnologia  (CONACyT)  y la  Secretaria  de  Pro- 
gramacion  y Presupuesto  (SPP). 

LISTA  DE  ESPECIES 
Araneidae 

Argiope  argent  at  a (Fabricius) 

Nuevo  registro.— Isla  Cedros:  Matorral  rose- 
tofilo, 15  noviembre  1987,  12. 
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Metepeira  ventura  Chamberlin  y Ivie 

Isla  Cedros:  Matorral  rosetofilo,  10  m,  15  no- 
viembre  1991,  16.  Esta  especie  es  citada  por  Levi 
(1977)  para  los  estados  de  Sonora  y Baja  Cali- 
fornia, incluyendo  la  Isla  de  Cedros. 

Dictynidae 

Dictyna  tucsona  Chamberlin 

Nuevo  registro.— Isla  Cedros:  Matorral  rose- 
tofilo, 15  noviembre  1991,  IS. 

Gnaphosidae 

Cesonia  classica  Chamberlin 

Isla  Cedros:  Entrada  al  Gran  Canon,  Matorral 
rosetofilo,  10  m,  15  noviembre  1991,  2$.  Plat- 
nick  y Shadab  (1980a)  las  registran  para  la  isla 
Cedros. 

Haplodrassus  chamberlini  Platnick  y Shadab 

Nuevo  registro.— Isla  Guadalupe:  Matorral  ro- 
setofilo, roca  volcanica,  10  m,  12  noviembre 
1991,  2$  6$. 

Herpyllus  bensonae  Fox 

Nuevo  registro,— Isla  Cedros:  Punta  Norte, 
bosque  de  pino,  1060  m,  14  noviembre  1991, 
1<S. 

Herpyllus  giganteus  Platnick  y Shadab 

Isla  Guadalupe:  Platnick  y Shadab  (1977)  la 
registran  solo  para  esta  localidad. 

Herpyllus  hesperolus  Chamberlin  1928 

Nuevo  registro.— Isla  Guadalupe:  Matorral  ro- 
setofilo, roca  volcanica,  bosque  de  Cupressus  sp., 
1300  m,  2s  1$. 

Neozimiris  pubescens  (Banks  1898) 

Isla  Cedros:  Punta  Norte,  bosque  de  pino,  1060 
m,  14  noviembre  1991,  19.  Platnick  y Shadab 
(1976)  la  citan  para  la  Isla  Cedros. 

Nodocion  voluntarius  (Banks) 

Isla  Guadalupe:  Platnick  y Shadab  (1980b)  la 
registran  solo  para  esta  localidad. 

Sergiolus  guadalupensis  Platnick  y Shadab 

Isla  Guadalupe:  Es  citada  solo  para  esta  lo- 
calidad por  Platnick  y Shadab  (1981). 


Homalonychidae 

Homalonychus  theologus  Chamberlin 

Isla  Cedros:  Entrada  al  Gran  Canon,  Matorral 
rosetofilo,  15  noviembre  1991,  1$.  Roth  (1984) 
cita  esta  especie  para  la  Peninsula  de  Baja  Cal- 
ifornia. 

Lycosidae 

Alopecosa  kochi  (Keyserling) 

Nuevo  registro. — Isla  Guadalupe:  Matorral  ro- 
setofilo, roca  volcanica,  bosque  de  Cupressus  sp., 
1300  m,  11  noviembre  1991,  3S  19. 

Pardosa  sierra  Banks 

Isla  Cedros:  Barnes  (1959)  la  registra  para  esta 
localidad. 

Oonopidae 

Scaphiella  hespera  Chamberlin 

Nuevo  registro.— Isla  Cedros:  Punta  Norte, 
bosque  de  pino,  1060  m,  14  noviembre  1991, 
\S. 

Philodromidae 

Philodromus  infuscatus  utus  Chamberlin 

Nuevo  registro.— Isla  Cedros:  15  noviembre 
1987,  19. 

Plectreuridae 
Kibramoa  isolata  Gerstch 

Isla  Guadalupe:  Gertsch  (1958)  la  describe  del 
‘Tsolote  Negro”, 

Salticidae 

Habronattus  hirsutus  (G.  y E.  Peckham) 

Isla  Guadalupe:  Griswold  (1987)  la  cita  para 
esta  localidad. 

Habronattus  gigas  Griswold 

Isla  Guadalupe:  Griswold  (1987)  la  describe 
solo  para  esta  localidad. 

Theridiidae 

Latrodectus  mactans  (Fabricius) 

Nuevo  registro.— Isla  Guadalupe:  Matorral  ro- 
setofilo, roca  volcanica,  12  noviembre,  1991,  IS. 
Isla  Cedros:  Punta  Norte,  bosque  de  pino,  1060 
m,  14  noviembre  1991,  19. 
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Steatoda  medialis  (Banks  1898) 

Isla  Cedros:  Punta  Norte,  bosque  de  pino,  1060 
m,  14  noviembre  1991,  29.  Esta  especie  ha  sido 
citada  por  Levi  (1957)  para  esta  localidad. 

Steatoda  pulcher  (Keyserling) 

Nuevo  registro.— Isla  Guadalupe:  Matorral  ro- 
setofilo,  roca  volcanica,  12  noviembre  1991,  13 
1$.  Isla  Cedros:  Punta  Norte,  bosque  de  pino, 
1060  m,  14  noviembre  1991,  19. 

Tidarren  sisyphoides  Walckenaer 

Nuevo  registro. —Isla  Cedros:  15  noviembre 
1987,  1$. 

Thomisidae 

Xysticus  ca.  cunctator  Thorell 

Nuevo  registro.— Isla  Guadalupe:  Matorral  ro- 
setofilo,  roca  volcanica  10  m,  12  noviembre  1991, 
23  62.  Esta  especie  es  muy  parecida  a Xysticus 
cunctator  Thorell,  pero  difiere  en  el  tamano  de 
la  hembra  y en  los  genitales  que  ilustran  Dondale 
y Redner  (1978).  Es  probable  que  esta  especie 
sea  nueva  para  la  ciencia. 
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A COMB-FOOTED  SPIDER,  ACHAEARANEA  TABULATA,  NEW 
TO  THE  FAUNA  OF  CANADA  (ARANEAE:  THERIDIIDAE) 


Among  the  nearly  1 00  species  of  comb-footed 
spiders  recorded  in  Canada  (Hackman  1954; 
Dondale  1979;  West  et  al.  1984,  1988;  Aitchi- 
son-Benell  & Dondale  1990;  Belanger  & Hutch- 
inson 1 992;  L.  Hollett,  unpublished  data)  several 
are  regarded  as  introductions  from  overseas. 
These  include  Achaearanea  tepidariorum  (C.  L. 
Koch),  Enoplognatha  ovata  (Clerck),  Steatoda 
bipunctata  (L.),  S.  castanea  (Clerck),  S.  trian- 
gulosa  (Walckenaer),  and  Theridion  bimacula- 
tum  (L.).  Enoplognatha  ovata  lives  mainly  in  de- 
ciduous shrubs  and  trees,  and  T.  bimaculatum 
occupies  the  herb  layer  of  fields,  marshes  and 
bogs.  The  others  are  found  mainly  or  entirely  in 
association  with  buildings. 

The  purpose  of  this  paper  is  to  report  yet  an- 
other introduced  theridiid  spider,  Achaearanea 
tabulata  Levi,  in  Canada  based  on  the  following 
specimens  deposited  in  the  Canadian  National 
Collection  of  Arachnids,  Ottawa:  1 <5,  Ottawa, 
Ontario  (45°25'N,  75°42'W),  August  1987,  at  rear 
of  suburban  house  (C.  D.  Dondale);  5 5 3 9,  Carle- 
ton  Place,  Ontario  (45°08'N,  76°09'W),  June-Au- 
gust 1993,  in  garage  or  in  log  pile  in  field  (C.  D. 
Dondale);  3 5 3 9,  Nepean,  Ontario  (45°20'N, 
75°52'W),  July  1993,  in  garage  (J.  H.  Redner);  5 
5 8 9,  Aylmer,  Quebec  (45°24'N,  75°5rW),  July 
1990-September  1992,  in  or  on  house  and  shed, 
or  in  pitfall  traps  placed  in  lawn  near  house  (L. 
LeSage);  2 9,  Fredericton,  New  Brunswick 
(45°58'N,  66°39'W),  September  1993,  on  house 
(C.  D.  Dondale).  The  above  are  the  first  speci- 
mens of  A.  tabulata  from  North  America  since 
the  publication  of  Levi’s  (1980)  description  of 
the  species. 

Levi’s  (1980)  description  of  tabulata  was 
based  on  a single  female  collected  in  late  August 
1 976  on  an  outdoor  table  at  Richmond  Hill,  Long 
Island,  New  York.  More  recently,  Yoshida  (1983) 
described^,  nipponica  from  a series  of  three  males 
and  six  females  collected  in  Yamagata  Prefec- 
ture, Japan,  between  June  and  August  1971-78. 
Yoshida  also  noted  the  “long  tubular  retreat  (its 
entrance  opens  downwards)  which  is  covered  with 
pieces  of  twig,  grass,  stone  or  earth”.  Paik  (1986) 
recorded  A.  nipponica  from  Dagelet  Island,  Ko- 
rea. Paik  & Kang  (1988)  subsequently  proposed 


A.  nipponica  as  a junior  synonym  oiA.  tabulata, 
a synonymy  with  which  we  are  in  full  agreement 
after  studying  the  published  descriptions  and  il- 
lustrations. Moritz  et  al.  (1988)  and  Knoflach 
(1991)  reported  A.  tabulata  from  urban  areas  of 
Berlin,  Germany,  and  Innsbruck,  Austria,  re- 
spectively; both  these  authors  included  data  on 
the  retreats  of  juvenile  and  mature  individuals, 
and  on  the  food  captured.  Excellent  illustrations 
of  both  sexes  of  A.  tabulata  are  found  in  the 
papers  by  Yoshida  (1983),  Paik  (1986),  Moritz 
et  al.  (1988),  and  Knoflach  (1991). 

Adults  of  A,  tabulata  closely  resemble  those 
of  A.  tepidariorum  in  general  shape,  choice  of 
web  site,  and  orientation  within  the  web,  and 
they  run  to  tepidariorum  in  Levi’s  (1963)  key  to 
American  species  of  Achaearanea.  They  differ 
from  the  latter  in  being  smaller  and  darker,  and 
in  the  external  genitalia.  In  samples  of  1 1 fe- 
males, none  of  the  measured  characters  except 
total  body  length  overlapped  in  range  (Table  1). 
In  similar  samples  of  males,  only  length  of  ba- 
sitarsus  I showed  no  overlap,  but  the  other  char- 
acters were  statistically  different  at  the  0. 1 level 
of  significance.  In  tabulata  males,  the  terminal 
part  of  the  palpal  conductor  is  slender,  and  the 
embolus  base  encircles  a membranous  area  on 
the  ventral  side  of  the  tegulum.  In  tepidariorum 
males,  on  the  other  hand,  the  conductor  is  dis- 
tinctively broadened  toward  its  tip,  and  the  em- 
bolus base  encircles  a sclerotized  area.  In  tabu- 
lata females,  the  epigynal  atrium  is  shallow,  is 
angular  in  outline,  and  has  low  diverging  ridges; 
the  spermathecae  are  double.  In  tepidariorum  on 
the  other  hand,  the  atrium  is  deeper  and  trans- 
versely elliptical,  the  ridges  are  higher  and  nar- 
rower, and  the  spermathecae  single. 

The  collection  of  adults  of  both  sexes  in  pitfall 
traps  at  Aylmer,  Quebec  suggests  considerable 
movement  along  the  ground.  Adults  of  tepida- 
riorum are  seldom  if  ever  caught  by  this  collect- 
ing method.  We  have  observed  the  peculiar  re- 
treat made  by  large  juveniles  and  by  females  of 
tabulata  and  described  by  Yoshida  (1983),  Mo- 
ritz et  al.  (1988),  and  Knoflach  (1991).  It  is  made 
of  bits  of  debris  and  prey  remains,  and  is  sus- 
pended near  the  middle  of  the  web.  The  female 
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Table  1.-=  Measurements  (in  mm)  of  body  parts  in  Achaearanea  tabulata  and  A.  tepidariorum  in  Ontario  and 
Quebec.  Sample  size  for  each  character  and  sex  = 11. 


Total 

length 

Length  of 

carapace 

Width  of 

carapace 

Length  of 
femur  I 

Length  of 
patella- 
tibia  I 

Length  of 
basitarsus 

I 

Length  of 
distitarsus 

I 

A.  tabulata 

Males 

Range 

2.60-3.64 

1.28-1.64 

1.04-1.36 

2.44-3.28 

2.40-3.32 

2.36-3.24 

0.84-1.12 

Mean  ± SD 

3.02  ± 0.31 

1.44  ± 0.11 

1.27  ± 0.08 

2.89  ± 0.32 

2.88  ± 0.31 

2.79  ± 0.32 

0.97  ± 0.09 

Females 

Range 

3.28-5.28 

1.24-1.76 

1.16-1.60 

2.28-3.24 

2.12-3.08 

2.00-3.20 

0.80-1.04 

Mean  ± SD 

4.18  ± 0.63 

1.53  ± 0.16 

1.39  ± 0.15 

2.73  ± 0.35 

2.58  ± 0.34 

2.54  ± 0.40 

0.91  ± 0.07 

A.  tepidariorum 

Males 

Range 

3.40-4.60 

1.52-2.20 

1.32-1.68 

3.20-4.72 

3.20-4.76 

3.48  ± 4.96 

0.92-1.40 

Mean  ± SD 

4.00  ± 0.43 

1.80  ± 0.21 

1.49  ± 0.13 

3.89  ± 0.57 

3.89  ± 0.55 

4.23  ± 0.56 

1.20  ± 0.13 

Females 

Range 

4.96-7.92 

1.84-2.36 

1.64-2.28 

4.00-5.64 

3.84-4.60 

4.04-5.24 

1.16-1.44 

Mean  ± SD 

6.06  ± 0.81 

2.10  ± 0.18 

1.87  ± 0.23 

4.47  ± 0.50 

4.16  ± 0.30 

4.56  ± 0.40 

1.32  ± 0.10 

is  often  found  inside  the  retreat,  sometimes  with 
one  or  more  males  in  close  proximity.  Later,  the 
egg  sac  or  sacs  are  placed  there.  No  such  retreat 
has  been  reported  for  tepidariorum.  The  “tu- 
bular” shape  mentioned  by  Yoshida  (1983)  was 
not  seen  by  Moritz  et  al.  (1988),  nor  by  us.  The 
original  source  of  A.  tabulata  is  unknown.  The 
spider  is  almost  certainly  introduced  into  both 
North  America  and  Europe,  given  the  state  of 
knowledge  of  the  Theridiidae  in  both  continents. 
Japan  and  Korea  are  possibilities,  but  the  source 
could  be  some  other  country  or  countries  in 
southeast  Asia.  It  is  likewise  difficult  to  predict 
the  actual  range  of  A.  tabulata;  the  spider  may 
occur  more  widely  than  we  know,  owing  to  its 
similarity  to  A.  tepidariorum.  Collectors  and  cu- 
rators should  examine  their  material  of  the  latter 
species  for  actual  specimens  of  tabulata.  Search- 
es in  garages,  tool  sheds,  and  similar  places  may 
also  yield  specimens,  and  pitfall  traps  placed  near 
buildings  may  be  fruitful. 
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MATERNAL  CARE  IN  A NEOTROPICAL  HARVESTMAN, 
ACUTISOMA  PROXIMUM 
(OPILIONES,  GONYLEPTIDAE) 


Harvestmen  generally  deposit  a large  number 
of  eggs  in  sheltered  places,  leaving  the  clutch  af- 
terwards (Cloudsley-Thompson  1 968).  There  are 
few  records  of  parental  care  for  eggs  and/or  ju- 
veniles within  this  group  (Mora  1989). 

Gonyleptidae  is  the  largest  family  of  Neotrop- 
ical harvestmen  within  the  suborder  Laniatores 
(Berland  1968).  Maternal  care  in  this  group  was 
described  for  species  from  South  America,  par- 
ticularly Chile,  Uruguay  and  Brazil  (Mora  1 989). 
There  is  a single  case  of  paternal  care  cited  (Rod- 
riguez & Guerrero  1976)  for  a Panamanian  spe- 
cies. Up  to  now  biparental  care  has  not  been 
reported  for  harvestmen  (Mora  1989).  In  this 
paper  we  describe  a case  of  maternal  care  in  the 
Acutisoma  genus. 

We  found  females  of  Acutisoma  proximum 
Mello-Leitao  1922  guarding  their  clutches  in  the 
Vale  do  Rio  Quilombo,  foothills  of  Serra  de  Cu- 
batao,  Santos,  SP,  Brazil  (23°47'S;  46°18'W,  80 
m high,  annual  rainfall  about  3400  mm).  The 
vegetation  at  the  site  consists  of  primary  rain- 
forest, and  individuals  of  this  species  were  lo- 
cated among  the  gaps  in  granitic  stones  which 
form  the  river-bed.  We  carried  out  observations 
of  harvestmen  found  along  400  m of  a mountain 
stream  on  May  18,  1992,  from  0900  h to  1500 
h.  Voucher  specimens  were  placed  in  the  H.  Soa- 
res collection  of  the  Zoology  Department  at 
UNESP,  Botucatu,  SP,  Brazil  (register  numbers 
1072  to  1077). 

We  observed  three  females  guarding  their 
clutches  and  one  with  eggs  and  juveniles.  The 
clutch  sizes  were  77,  68,  49  and  9,  respectively, 
the  latter  having  9 newly-hatched  individuals. 
The  average  diameter  of  eggs  was  2.01  ± 0.18 
mm  (mean  ± SD)  {n  = 1 5).  We  found  all  clutches 
on  stones  near  the  river-bed,  far  apart  from  one 
another,  except  for  two  which  were  about  30  cm 
apart,  on  the  same  stone.  Guarding  females  were 
always  seen  over  the  clutches  (Fig.  1),  constantly 
monitoring  the  eggs  with  the  first  pair  of  legs  and 
occasionally  with  the  second  pair  of  legs  and  ped- 
ipalps.  Non-guarding  females  and  males  fled  when 
illuminated  by  flashlight.  Egg-guarding  females, 
however,  fled  only  if  touched  by  the  observer. 


We  did  not  observe  aggressive  displays  by  egg- 
guarding  females.  However,  an  odorless  (at  least 
for  humans)  liquid  overflowed  from  their  odor- 
iferous glands  when  they  were  touched.  During 
observation,  we  damaged  by  squeezing  three  eggs 
of  one  guarded  clutch.  All  of  them  were  con- 
sumed by  the  female  after  being  assessed  with 
the  first  pair  of  legs.  Sand  spread  by  us  over  the 
eggs  was  not  removed.  We  twice  picked  up  two 
guarding  females  oflf  of  the  substrate  and  placed 
them  at  distances  of  20  cm  and  1 m from  their 
clutches;  in  the  first  case,  the  females  took  re- 
spectively 2 and  1 0 min  to  return  to  their  clutch- 
es; in  the  second  instance,  25  and  10  min,  re- 
spectively. It  is  possible  that  some  kind  of 
chemical  markers  are  involved  in  site  location, 
as  Mora  (1989)  has  reported  for  other  species. 

One  of  the  females  observed  was  guarding  nine 
juveniles  and  nine  eggs  under  its  body.  The  ju- 
veniles ran  for  shelter  when  illuminated,  but  the 
female  remained  motionless  over  the  eggs.  After 
a short  time,  the  juveniles  assembled  again  under 
the  female.  While  running  from  the  clutch  site 
following  a disturbance,  two  of  them  were  ulti- 
mately eaten  by  a spider  (Sparassidae) . 

We  observed  a male  approach  an  egg-guarding 
female.  They  touched  each  other  with  the  first 
and  second  pairs  of  legs  for  approximately  one 
min,  after  which  the  male  moved  away. 

The  continuous  monitoring  and  the  removing 
of  damaged  eggs  in  A.  proximum  may  protect 
clutches  against  contamination  caused  by  patho- 
genic microorganisms  or  parasites,  as  well  as  act 
to  reduce  egg  and  juvenile  predation.  Solitary 
individuals  of  the  same  species  are  probably  the 
main  egg  predators  present  in  the  site  (A.  A. 
Giaretta,  pers.  obs.  in  other  Acutisoma  species). 
Mora  (1989)  has  suggested  that  predation  by  in- 
dividuals of  the  same  species,  by  ants,  and  the 
risk  of  infection  caused  by  fungi  might  be  the 
greatest  forces  which  would  favor  the  evolution 
of  parental  care  in  other  Gonyleptidae. 
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Figure  1 . ~ Female  of  Acutisoma  proximum  guarding 
its  eggs. 
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A NEW  CHROSIOTHES  SPIDER  FROM  WEST  VIRGINIA 
(ARANEAE,  THERIDIIDAE) 

William  H.  Piel:  Museum  of  Comparative  Zoology,  Harvard  University,  Cambridge, 
Massachusetts  02138  USA 

ABSTRACT.  A new  species,  Chrosiothes  jenningsi,  is  described.  The  presence  of  this  species  in  West  Virginia 
is  remarkable  because  other  members  of  the  genus  Chrosiothes  are  limited  to  the  American  Southwest,  Mexico, 
and  the  Neotropics.  The  morphology  of  this  new  species  is  compared  and  contrasted  with  its  close  relatives,  C 
jocosus  and  C tonala. 


In  the  most  recent  revision  of  Chrosiothes 
Simon  1894,  Levi  (1964)  described  five  new  spe- 
cies and  synonymized  the  genus  name  TheridC 
Otis  Levi  1954  with  the  older  genus,  resulting  in 
eight  new  combinations.  The  most  widespread 
species,  C silvaticus  Simon,  has  been  collected 
between  Florida  and  Ecuador,  especially  in  the 
humid  tropical  regions  of  Mexico  and  Central 
America.  The  most  northern  species  is  C.  chirica 
(Levi  1954),  stretching  across  hot  and  dry  hab- 
itats from  Utah  to  Mexico  City.  Given  these  dis- 
tributions, it  came  as  a surprise  when  D.  T.  Jen- 
nings captured  Chrosiothes  using  pitfall  traps  in 
a West  Virginian  mixed  oak-hardwood  forest. 
These  specimens  appear  to  belong  to  a new  spe- 
cies, C.  jenningsi. 

What  makes  this  discovery  even  more  inter- 
esting is  the  fact  that  a closely  related  Mexican 
species,  C.  tonala  (Levi  1954),  was  found  to  spe- 
cialize on  eating  the  termite  species  Tenuirostri- 
termes  briciae  (Snyder)  (Eberhard  1991).  It  would 
be  well  worth  examining  the  prey  preference  of 
C.  jenningsi  and  comparing  its  predatory  behav- 
ior with  that  of  C tonala. 

METHODS 

Specimens  in  alcohol  were  photographed  and 
computer  digitized  with  a Panasonic  WV- 
CL320®  color  camera  and  a Quickimage  24  dig- 
itizing board  (Figs.  3,  6,  9 and  12).  Drawings  of 
palps  and  epigynum  were  made  by  tracing  over 
digitized  images  (Figs.  1,  2,  4,  5,  7,  8,  10).  The 
epigynum  was  cleared  in  clove  oil  and  traced 
with  the  help  of  a camera  lucida  (Fig.  1 1). 

Chrosiothes  jenningsi  new  species 

Figures  4--6,  10-12 

Type.— Male  holotype  was  collected  by  pitfall 
trap  from  Chestnut  Ridge,  West  Virginia  Uni- 


versity Forest,  Monongalia  County,  West  Vir- 
ginia, 25  June  1991  (D.  T.  Jennings);  in  the  Mu- 
seum of  Comparative  Zoology.  The  specific  name 
is  after  the  collector  who  noticed  that  the  species 
is  new. 

Description.— Sternum,  carapace  dull 
yellow  with  stippling  of  brown,  darkest  around 
eyes,  edges.  Coxae,  legs  match  color  of  carapace, 
but  patellae  and  ventral  surfaces  of  legs  slightly 
lighter  yellow.  Dorsal  surface  of  abdomen  gray 
with  white  patches  and  dark  brown  stippling  in- 
distinctly resembling  anteriorly  pointing  arrow 
(Fig.  6).  Ventral  surface  with  uniform  dark  brown 
stippling  extending  up  around  sides.  Carapace 
highest  at  row  of  posterior  eyes.  Those  eyes 
equally  spaced,  separated  by  almost  half  the  di- 
ameter of  posterior  median  eyes.  All  eyes  sub- 
equal in  size.  Anterior  median  eyes  separated  by 
more  than  half  their  diameters,  almost  touching 
lateral  eyes;  lateral  eyes  barely  touching.  Height 
of  clypeus  2.3  x diameter  of  anterior  median  eyes; 
length  of  chelicerae,  2.9  x that  diameter.  First 
pair  of  legs  about  same  length  as  fourth  pair.  Each 
patella  with  small  bump  on  posterior  side, 
strongest  on  fourth  pair.  Length  of  males  from 
1.4-1. 6 mm;  holotype  1.5  mm.  Carapace  0.60 
mm  wide,  long;  0.53  mm  high.  First  femur  0.95 
mm;  patella  and  tibia  0.95;  metatarsus  0.72;  tar- 
sus 0.40.  Second  patellae  and  tibiae  0.60;  third, 
0.48;  fourth,  0.88  mm. 

Female:  Coloration  similar  but  somewhat 
darker  than  male;  brown  stippling  on  carapace 
and  sternum  more  uniform,  not  as  pronounced 
around  edges.  Coxae  much  lighter  than  sternum; 
femora  gradually  darkening  distally  until  match- 
ing color  of  sternum  at  femur-patella  joint.  Same 
pattern  repeating  along  tibia,  metatarsi.  As  in 
male,  female  with  bump  on  posterior  side  of  each 
patella;  most  prominent  on  fourth  leg.  Abdom- 
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Figures  1-9.— Males  of  the  genus  Chrosiothes.  NS,  Chrosiothes  tonala,  male  from  Jalisco.  1,  ventro-lateral 
aspect  of  palp;  2,  dorso-medial  aspect  of  palp;  3,  dorsal  aspect  of  carapace  and  abdomen,  4-6.  Chrosiothes 
jenningsi  new  species,  male  holotype  from  West  Virginia.  4,  ventro-lateral  aspect  of  palp;  5,  dorso-medial  aspect 
of  palp;  6,  dorsal  aspect  of  carapace  and  abdomen.  7-9,  Chrosiothes  jocosus,  male  from  Tamaulipas.  7,  ventro- 
lateral aspect  of  palp;  8,  dorso-medial  aspect  of  palp;  9,  dorsal  aspect  of  carapace  and  abdomen.  Scale  line  for 
palps  = 0.1  mm;  scale  line  for  dorsal  surfaces  = 1.0  mm. 
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Figures  \()~\2.—Chrosiothes  jenningsi  new  species,  female  allotype  from  West  Virginia.  10,  ventral  view  of 
epigynum;  1 1 , dorsal  view  of  cleared  epigynum;  1 2,  dorsal  view  of  carapace  and  abdomen.  Scale  line  for  epigynum 
= 0. 1 mm;  scale  line  for  dorsal  surface  = 1 .0  mm. 


inal  pattern  as  in  male  (see  Fig.  12).  Posterior 
eye  row  and  anterior  median  eyes  equally  spaced 
by  close  to  Vs  their  diameters.  Lateral  eyes  touch- 
ing each  other;  anterior  lateral  eyes  almost  touch- 
ing anterior  median  eyes.  Female  allotype  2.75 
mm  total  length;  carapace  0.84  mm  wide,  long; 
0.60  mm  high.  First  femur,  1 .26  mm;  patella  and 
tibia,  1.26;  metatarsus,  1.0;  tarsus,  0.52.  Second 
patella  and  tibia,  0.84  mm;  third,  0.70;  fourth, 
1.2. 

Diagnosis. —The  male  genitalia  of  C.  jenning- 
si, C chirica,  C.  jocosus  (Gertsch  & Davis)  and 
C.  tonala  are  similar  and  difficult  to  distinguish. 
The  basal  expansion  of  the  embolus  in  C.  jen- 
ningsi is  seated  at  a slightly  different  angle  and 
is  relatively  slimmer  (Fig.  4)  than  that  of  C.  jo- 
cosus (Fig.  7)  and  C.  tonala  (Fig.  4;  fig.  8 in  Levi 
1954).  The  embolus  thread  starts  on  the  dorso- 
lateral surface  of  the  left  palp,  loops  clockwise 
and  makes  an  S-curve  as  it  passes  over  to  the 
dorso-medial  side  (Fig,  5).  The  counterclockwise 
segment  of  this  S-curve  is  higher  in  C jenningsi 
(Fig.  5)  than  in  the  other  species  (Figs.  2,  8); 
likewise,  the  final  loop  of  the  embolus  is  rela- 
tively deeper  and  more  oval  (Fig.  5)  than  the 
others  (Figs.  2,  8).  The  abdomen  of  both  C.  jo- 
cosus and  C tonala  is  sub-triangular  with  two 


anterior  humps  (Figs.  3,  9),  whereas  that  of  C. 
jenningsi  is  oval  and  widest  in  the  middle  (Fig. 
6).  Differences  in  dorsal  patterns  are  evident  from 
Figs.  3,  6,  and  9;  C.  jenningsi  lacks  the  ventral 
white  spot  found  in  C jocosus  (Levi  1954).  C. 
jenningsi  appears  to  fall  out  at  step  14  in  Levi’s 
key  (1964). 

Externally,  the  epigynum  (Fig.  10)  lacks  fea- 
tures other  than  an  oval  depression  similar  to 
those  found  in  congenerics.  To  diagnose  this  spe- 
cies accurately,  the  epigynum  should  be  removed 
and  cleared  in  clove  oil  or  Hoyer’s  solution.  The 
dorsal  view  of  a cleared  epigynum  (Fig.  1 1)  re- 
veals three  descending  loops  of  the  spermacecal 
receptacle  from  the  external  opening,  and  four 
ascending  loops;  these  loops  spirally  interlock 
with  one  another.  The  number  of  spirals,  the 
relative  thickness  of  the  posterior  rim  of  the  oval 
depression,  the  height  of  the  first  spiral,  and  the 
shape  of  the  abdomen  are  all  features  that  dis- 
tinguish C.  jenningsi  from  other  species  (com- 
pare Fig.  1 1 with  Levi  1954,  plate  III).  The  fe- 
male falls  out  with  C chirica  in  Levi’s  key  ( 1 964). 

Paratypes.— WEST  VIRGINIA:  Monongalia 
County:  West  Virginia  University  Forest:  Chest- 
nut Ridge,  19-26  June  1989,  male  (D.  T.  Jen- 
nings) (MCZ);  26  June-3  July  1989,  male  (D.  T. 
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Jennings)  (MCZ);  10-17  July  1989,  female  al- 
lotype (D.  T.  Jennings)  (MCZ);  28  June  1994, 
male  (W.  H.  Piel)  (MCZ). 
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EFFECTS  OF  FISH  ON  THE  GROWTH  AND  SURVIVAL 
OF  TWO  FISHING  SPIDER  POPULATIONS 
(DOLOMEDES  TRITON;  ARANEAE,  PISAURIDAE) 

Chester  R.  Figiel,  Jr.  and  Gary  L.  Miller:  Department  of  Biology,  University  of 

Mississippi,  University,  Mississippi  38677  USA 


ABSTRACT.  Our  objectives  were  to  determine  if  Dolomedes  triton  from  two  populations,  one  with  fish 
predators  and  one  without,  differed  in  growth  and  survival.  Using  a 2 x 2 randomized  block  design,  equal 
numbers  of  spiders  were  reared  over  a six-week  period  in  artificial  pools  in  the  presence  and  absence  of  a natural 
predator,  the  bluegill  sunfish,  Lepomis  macrochirus,  (Perciformes:  Centrarchidae).  Neither  spider  body  size  nor 
spider  survival  differed  between  populations.  Survival  of  spiders  in  pools  with  fish  was  not  significantly  different 
from  spiders  in  fishless  pools.  However,  spider  body  size  was  significantly  smaller  in  pools  containing  fish 
compared  to  spiders  in  pools  without  fish.  No  significant  interaction  between  population  source  and  the  presence 
of  fish  was  detected.  We  suggest  two  mechanisms  for  the  reduction  in  spider  body  size:  interference  (i.  e., 
avoidance  of  fish)  and  exploitative  competition  with  fish  for  food  resources.  The  reduction  in  spider  body  size 
is  important  because  of  the  relationship  between  spider  size  and  reproductive  success  (larger  females  may  produce 
a greater  number  of  offspring  than  smaller  females;  larger  males  may  copulate  with  more  females  than  smaller 
males).  Because  these  spiders  are  found  in  wetlands  areas  where  sunfish  occur,  our  results  suggest  that  these 
spiders  may  adjust  to  competitor/predator-rich  environments  through  compromises  in  growth  and  development. 


Predators  can  directly  influence  the  structure 
and  dynamics  of  aquatic  communities  by  differ- 
ential predation  on  species  (Wilbur  1980).  In- 
directly, predator  presence  can  influence  prey  by 
altering  prey  morphology,  life  history,  or  behav- 
ior (reviewed  in  Kerfoot  & Sih  1987;  Lima  & 
Dill  1990).  For  example,  prey  behavioral  pat- 
terns may  change  in  response  to  predator  pres- 
ence and  subsequently  affect  competitive  or  for- 
aging tactics  of  the  prey  (Morin  1983;  Werner  et 
al.  1983;  Power  et  al.  1985;  Gilliam  et  al.  1989). 
These  behavioral  modifications  can  change  with 
respect  to  ontogenetic  development  if  the  pred- 
ator-prey relationship  is  based  on  body  size  dif- 
ferences (see  Werner  & Gilliam  1984).  Thus  a 
predator-prey  relationship  early  in  prey  devel- 
opment may  be  altered  to  a competitive  rela- 
tionship through  time.  Understanding  the  effects 
of  competitors  and  predators  on  the  behavior  of 
interacting  species  can  identify  the  mechanisms 
of  selection  that  are  responsible  for  differences 
within  populations  in  life  history  traits  (e.  g., 
growth,  reproductive  success). 

In  many  species  of  spiders,  growth  and  body 
size  are  directly  related  to  reproductive  potential 
(e.  g.,  number  of  eggs  produced)  and  mating  suc- 
cess (Fritz  & Morse  1985;  Smith  1990;  Brady 
1993),  and  are  also  indirectly  related  to  survival 


(Rayor  & Uetz  1990).  In  addition,  smaller  spi- 
ders may  be  more  vulnerable  to  predatory  en- 
counters with  conspecifics  (Bleckmann  & Barth 
1984).  Predators  may  modify  these  life  history 
traits  by  influencing  spider  activity,  exploiting 
food  resources  or  by  altering  spider  habitat  use 
(van  Berkum  1 982;  Rayor  & Uetz  1 990;  Riechert 
& Hedrick  1990).  Van  Berkum  (1982)  hypoth- 
esized that  Trechalea  magnifica  spiders  may  for- 
age noctumally  to  avoid  predation  risk  during 
the  day,  in  spite  of  the  greater  prey  abundance 
available  during  the  day.  Riechert  & Hedrick 
(1990)  examined  predator  assessment  of  two 
populations  of  Agelenopsis  aperta  spiders  and 
determined  that  the  population  exposed  to  pre- 
dation pressure  exhibited  a longer  latency  period 
to  return  to  a foraging  mode  following  a preda- 
tory encounter.  Few  studies,  however,  have  mea- 
sured directly  the  effects  of  predator  presence  on 
spider  foraging  activity  or  feeding  rates  in  terms 
of  growth,  body  size,  mating,  or  reproduction  - 
traits  that  are  closely  related  to  fitness  (but  see 
Rayor  & Uetz  1990). 

The  objectives  of  this  study  were  two-fold:  1) 
to  examine  the  effects  of  fish  presence  on  the 
growth  and  survival  of  the  fishing  spider,  Do- 
lomedes triton  (Walckenaer),  and  2)  to  test  for 
differences  in  growth  and  survival  between  two 
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populations  of  spiders:  one  population  from 
ponds  containing  fish,  and  one  population  from 
locations  that  lacked  fish. 

EXPERIMENTAL  SYSTEM 

Dolomedes  triton  is  a widely  distributed  spe- 
cies in  the  United  States  and  Canada,  foraging 
on  or  near  the  surface  of  ponds  or  slack  water 
areas  of  streams  and  rivers,  and  use  the  water’s 
surface  to  capture  prey  or  escape  predation  (Car- 
ico  1973).  Attack  behavior  by  these  spiders  can 
be  elicited  by  water  surface  waves  generated  by 
prey  (Bleckmann  & Barth  1 984;  Bleckmann  1 985; 
Bleckmann  & Lotz  1987).  The  sensory  ecology 
of  D.  triton  spiders,  with  regards  to  foraging  has 
been  examined  (Bleckmann  & Barth  1984; 
Bleckmann  & Rovner  1984;  Bleckmann  1985), 
as  has  their  courtship  behavior  (Roland  & Rov- 
ner 1983;  Bleckmann  & Bender  1987),  and  prey 
use  (Zimmermann  & Spence  1989). 

The  bluegill  sunfish,  Lepomis  macrochirus,  is 
syntopic  with  D.  triton  over  most  of  its  range. 
These  sunfish  have  a diverse  diet  and  will  eat  a 
wide  variety  of  arthropods  including  D.  triton 
(CRF  pers.  obs.).  These  sunfish  and  D.  triton 
often  occupy  the  same  microhabitats  of  ponds 
(e.  g.,  shallow  shoreline  areas)  because  of  inter- 
actions with  larger  predatory  fish  (Werner  et  al. 
1983;  CRF  pers.  obs.). 

METHODS 

We  measured  growth  and  survival  of  D.  triton 
collected  from  two  populations:  Savannah  River 
Plant,  Aiken  County,  South  Carolina  (SC)  and 
the  University  of  Mississippi  Biological  Field 
Station,  Lafayette  County,  Mississippi  (MS).  Spi- 
ders were  collected  from  two  SC  ponds  on  31 
July  1992  and  from  three  MS  ponds  on  3 August 
1992  to  ensure  local  population  replication.  We 
chose  these  two  populations  to  ensure  that  gene 
flow  between  the  populations  was  low  or  non- 
existent. Additionally,  we  chose  SC  ponds  be- 
cause they  have  lacked  fish  for  at  least  20  years, 
(J.  Pechmann  pers.  comm.),  while  the  MS  ponds 
have  had  fish  present  for  the  last  40  years,  L. 
macrochirus , Pimephales  promelas  (flathead 
minnows)  and  Micropterus  salmoides  (large- 
mouth  bass)  (B.  Knight  pers.  comm.). 

Spiders  (X  carapace  length  at  the  start  of  the 
experiment  ± SD:  Xsc  = 3.5  mm  ±0.1  mm,  Yms 
= 3.5  mm  ±0.2  mm)  were  reared  in  the  presence 
and  absence  of  L.  macrochirus  in  artificial  ponds 
(plastic  wading  pools,  1.52  m diameter,  22  cm 
deep).  We  used  a 2 x 2 factorial  experiment  to 


examine  the  main  effects  and  interactions  be- 
tween fish  presence  and  population  source.  We 
randomly  assigned  the  four  treatment  combi- 
nations within  each  of  four  replicate  blocks  for 
a total  of  16  pools.  Pools  [within  size  ranges  of 
natural  ponds  inhabited  by  these  spiders  (CRF 
pers.  obs.)],  were  placed  in  an  outdoor  fenced 
enclosure  on  the  Edward  J.  Meeman  Biological 
Station  (EJMBS)  in  Shelby  Co.,  Tennessee,  which 
exposed  them  to  natural  photoperiod,  seasonal 
rainfall  and  temperature.  Pools  were  filled  with 
tap  water  on  22  July  1 992  and  window  screening 
was  placed  over  pools  to  prevent  frogs  and  in- 
sects from  colonizing  them  and  prevent  spiders 
from  escaping.  We  added  logs,  detritus,  floating 
sponges,  and  leaf  litter  to  pools  to  provide  habitat 
complexity,  refuge,  and  substrates  for  spiders. 

We  seined  L.  macrochirus  {X  = 43  mm  total 
length  ±2.4  mm  SD)  from  a pond  located  on 
the  EJMBS  to  serve  as  our  model  predator.  Blue- 
gill  sunfish  this  size  can  vigorously  attack,  injure, 
and  consume  D.  triton  (CRF  pers.  obs.).  Two 
fish  were  used  per  pool  (0.8  fish  per  m^  of  pool 
surface  area;  within  range  of  densities  of  fish  in 
natural  ponds.  Hall  & Werner  1977).  Likewise, 
the  treatment  level  of  Z).  triton  (four  spiders  per 
pool)  is  within  the  range  of  spider  densities  in 
natural  ponds  in  Mississippi  (1.6  spiders  per  m^, 
CRF  unpubl.  data).  Spiders  and  fish  were  placed 
in  pools  on  1 7 August  1 992.  Hyla  chrysoschelis 
tadpoles  were  used  as  prey  for  spiders  and  fish 
and  were  collected  from  nearby  ponds.  We  sup- 
plemented prey  in  pools  by  adding  crickets  {Ach~ 
etus  spp.)  from  a commercial  colony.  Either  five 
similar-sized  crickets  or  five  similar-sized  tad- 
poles were  added  to  all  pools  once  every  five 
days.  Spiders  readily  capture  and  consume  these 
prey  in  the  lab.  The  experiment  was  terminated 
on  28  September  1992  and  all  spiders  and  fish 
were  preserved  in  alcohol. 

Spider  body  size  was  determined  by  measuring 
the  carapace  length  on  preserved  specimens.  Re- 
sponse variables  in  the  experimental  treatments 
were  mean  growth  (increase  in  length  of  cara- 
pace, measured  to  the  nearest  0.5  mm)  and  sur- 
vival (the  number  of  surviving  spiders  divided 
by  initial  number)  for  each  pool.  Proportions  of 
surviving  individuals  from  the  initial  number 
were  arcsine  transformed,  and  body  size  data 
were  log  transformed  before  analyses. 

RESULTS 

Survival  was  not  correlated  with  body  size  at 
the  end  of  the  experiment  (r  = -0.224),  thus 
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Table  L— Summary  of  the  two-way  analysis  of  variance  on  body  size  (carapace  length)  and  survival  of 
Dolomedes  triton  from  two  populations  reared  in  the  presence  and  absence  of  fish,  Lepomis  macrochirns.  Body 
size  data  were  log  transformed  and  percent  survival  data  were  arcsine  square-root  transformed  before  analysis. 


Source  of  variation 

df 

MS 

Test  of  significance 

Body  size 

Population 

1 

0.00011 

F-  0.165  F = 0.6957 

Fish  presence 

1 

0.00948 

F=  14.856  F = 0.0023 

Population  by  fish 

1 

0.00001 

0.017  F = 0.9008 

Error 

12 

0.00064 

Total 

15 

Survival 

Population 

1 

0.00428 

F=  0.086  F = 0.7778 

Fish  presence 

1 

0.03855 

F=  0.771  F = 0.4062 

Population  by  fish 

1 

0.10709 

F=  2.143  F = 0.1689 

Error 

12 

0.04998 

Total 

15 

growth  data  were  analyzed  independently  of  sur- 
vival data.  Analysis  showed  there  was  no  block 
effect  and  data  from  the  four  blocks  were  sub- 
sequently pooled  for  analysis. 

Body  size  of  spiders  was  affected  by  the  pres- 
ence of  fish  (Table  1).  At  the  end  of  the  experi- 
ment, spider  body  size  was  significantly  smaller 
in  pools  containing  fish  (JTsc  =4.85  mm  ±0.21 
mm;  A'ms  = 4 .93  mm  ±0.17  mm)  compared  to 
body  size  of  spiders  in  pools  without  fish  {X^c  = 
5.45  mm  ± 0.34  mm;  = 5.50  mm  ±0.45 
mm).  Body  size  did  not  differ  between  the  SC 
population  (5.15  mm  ±0.41  mm)  and  the  MS 
population  (5.21  mm  ±0.44  mm)  at  the  termi- 
nation of  the  experiment  (Table  1 ).  No  significant 
interaction  between  population  source  and  the 
presence  of  fish  was  detected  (Table  1). 

Spider  survival  did  not  differ  between  popu- 
lations (Table  1).  At  the  end  of  the  six-week  ex- 
periment, the  percent  survival  of  spiders  from 
SC  was  50.0%  ±23%  and  from  MS  46.9%  ±22%. 
Survival  of  spiders  in  pools  with  fish  (Xsc  = 62.5% 
±25%;  Xms  = 43.8%  ± 14%)  was  not  significantly 
different  compared  to  survival  of  spiders  in  fish- 
less pools (Xsc  = 37.5%  ± 14%; X^s  = 50%  ±29%) 
(Table  1).  No  significant  interaction  between 
population  source  and  the  presence  of  fish  was 
detected  (Table  1). 

DISCUSSION 

Body  size  of  spiders  differed  significantly  after 
just  42  days  and  clearly  indicates  that  fish  pres- 
ence influenced  spider  growth.  Two  mechanisms 
could  be  responsible  for  these  results:  interfer- 
ence (i.  e.,  spider  avoidance  of  fish)  or  exploit- 
ative competition  with  fish  for  food  resources. 


Behavioral  observations  of  D.  triton  placed  with 
L.  macrochirus  in  laboratory  aquaria  determined 
that  these  spiders  avoided  bluegill  sunfish  by  al- 
tering location  in  aquaria  (CRF  unpubl.  data).  If 
this  behavior  influenced  D.  triton  foraging  time 
or  effort,  as  has  been  shown  for  other  spiders 
(van  Berkum  1982;  Riechert  & Hedrick  (1990), 
this  could  account  for  the  reduction  in  D.  triton 
body  size. 

Additionally,  competition  for  prey  between 
sunfish  and  spiders  probably  resulted  in  a re- 
duced food  resource  base  for  spiders,  and  sub- 
sequently resulted  in  a reduced  spider  body  size. 
Although  we  did  not  directly  measure  food  re- 
source levels  in  pools,  sunfish  can  prey  on  tad- 
poles and  floating  crickets,  and  food  resource  lev- 
el can  be  decreased  in  these  pools  due  to  fish 
presence  (Figiel  & Semlitsch  1990).  Periodic 
searches  for  prey  determined  that  no  prey  sur- 
vived in  pools  containing  sunfish,  whereas  these 
prey  were  available  and  abundant  for  spiders  in 
pools  without  fish.  This  suggests  that  the  reduc- 
tion in  spider  body  size  probably  resulted  from 
exploitative  competition  between  fish  and  spi- 
ders, with  the  additional  pressure  of  predator 
avoidance.  Because  food  resource  levels  for  spi- 
ders in  fishless  pools  were  abundant,  differences 
in  spider  body  size  in  natural  conditions  may 
occur  only  when  prey  densities  for  spiders  are 
relatively  high  or  fish  densities  are  low. 

It  is  difficult  to  determine  reasons  for  the  lack 
of  differences  between  populations  in  growth  or 
survival,  or  in  lack  of  differences  in  survival  be- 
tween fish  and  fishless  ponds,  particularly  con- 
sidering that  the  SC  populations  have  lacked  fish 
in  these  ponds.  With  respect  to  survival,  it  is 
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possible  that  mortality  related  to  the  experimen- 
tal situation  is  high  thereby  masking  effects  of 
the  predator.  A shorter  experiment  using  larger 
ponds  might  alleviate  this  problem  if  it  exists. 

However,  there  may  be  a biological  basis  for 
the  lack  of  differences  in  growth  and  survival  in 
fish  and  fishless  ponds.  Conceivably,  lack  of  in- 
terpopulational  variation  in  growth  or  survival 
resulted  from  selection  for  phenotypic  plasticity 
in  these  life  history  traits.  This  may  be  an  effec- 
tive way  for  spiders  to  adapt  to  highly  variable 
environments  rather  than  favoring  specific  phe- 
notypes (Caswell  1983;  Kaplan  & Cooper  1984; 
Petranka  & Sih  1987).  Potentially,  the  relatively 
short  period  (at  least  20  years)  SC  spiders  have 
been  in  ponds  without  fish  may  not  be  long 
enough  for  selection  to  influenced  the  behavior 
of  these  spiders.  Additionally,  there  is  an  abun- 
dance of  underwater  competitors  and  predators 
other  than  fish  (e.  g.,  dragonfly  larvae,  salaman- 
der larvae,  dytiscid  beetles)  that  are  temporally 
or  spatially  present  that  could  influence  spider 
behavior,  growth,  development,  or  survival.  The 
diversity  of  potential  predators/competitors  could 
select  for  the  observed  plasticity.  Further,  the 
interaction  between  fish  and  spiders  may  change 
over  time  from  a predator-prey  relationship  to 
a competitive  relationship  when  spiders  reach  a 
larger  body  size  (and  potentially  into  a spider 
predator-fish  prey  interaction). 

The  importance  of  body  size  reduction  in  D. 
triton  is  observed  in  the  relationship  between 
body  size  and  reproductive  success:  in  many  spe- 
cies, larger  females  may  produce  a greater  num- 
ber of  offspring,  and  larger  males  may  copulate 
with  more  females  that  smaller  males  (Fritz  & 
Morse  1985;  Smith  1990;  Brady  1993).  Large 
body  size  also  confers  an  advantage  to  individ- 
uals in  escaping  gape-  or  size-limited  predators; 
thus  smaller  spiders  may  be  more  vulnerable  to 
predatory  encounters  (Bleckmann  & Barth  1984). 
Because  these  spiders  are  found  in  wetlands  areas 
where  sunfish  predators  occur  (Carico  1973;  CRF 
pers.  obs.),  our  results  suggest  that  spiders  may 
adjust  to  habitats  containing  fish  through  com- 
promises in  growth  and  development.  Further 
studies  examining  D.  triton  habitat  use  and  be- 
havior, and  the  interactions  and  trade-offs  in- 
volved in  foraging  in  predator/competitor-rich 
environments  are  needed. 
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SPIDER  ABUNDANCE  IN  RELATION 
TO  NEEDLE  DENSITY  IN  SPRUCE 


Irene  Sundberg  & Bengt  Gunnarsson':  Section  of  Animal  Ecology,  Department  of 
Zoology,  Goteborg  University,  Medicinaregatan  18,  S-  413  90  Goteborg,  Sweden 

ABSTRACT.  The  effect  of  micro-habitat  change,  caused  by  needle-loss,  on  spiders  living  in  spruce  {Picea 
abies)  was  examined  in  a field  experiment.  Abundance  and  size  distribution  of  spiders  on  spruce  branches  were 
recorded  at  the  start  and  at  the  end  of  the  experiment.  All  spiders  and  approximately  24%  of  the  needles  were 
removed  from  the  experimental  branches.  In  the  control  branches,  the  needle  density  was  left  unaltered  but  the 
spiders  were  removed.  There  were  no  initial  differences  in  the  spider  community  on  the  selected  branches. 
Spiders  were  collected  after  seven  weeks  of  colonization  on  control  and  needle-thinned  branches,  respectively. 
The  mean  density  of  spiders  was  significantly  lower  on  needle-thinned  branches  (78%)  than  on  control  branches. 
This  was  shown  to  be  an  effect  of  reduced  density  of  large  (length  >2.5  mm)  spiders,  but  not  of  small  (<2.5 
mm)  ones.  However,  the  total  size  distributions  did  not  differ  between  the  branch  categories.  The  field  experi- 
mental data  confirm  earlier  results  in  laboratory  studies  and  natural  populations. 


In  Scandinavia,  spiders  are  one  of  the  domi- 
nating groups  among  the  spruce-living  {Picea 
abies)  arthropods  (Hagvar  & HSgvar  1975;  As- 
kenmo  et  al.  1977;  Jansson  & von  Bromssen 
1981;  Gunnarsson  1983,  1988,  1990;  Suhonen 
et  al.  1992).  Several  studies  on  the  spider  fauna 
in  SW  Sweden  have  shown  that  Linyphiidae  and 
Thomisidae  are  predominant  among  families. 
Some  common  species  are,  e.  g.,  Pityohyphantes 
phrygianus,  Neriene  peltata,  Philodromus  spp., 
Diaea  dorsata.  Other  common  families  are  Ther- 
idiidae,  Araneidae,  Tetragnathidae,  Clubioni- 
dae,  Dictynidae,  and  Uloboridae  (refer  to  Nor- 
berg  1978;  Gunnarsson  1983,  1988  for  details). 
However,  there  are  reasons  to  suspect  that  long- 
term changes  in  the  spider  community  occur,  and 
that  this  process  indirectly  is  caused  by  man 
(Gunnarsson  1988,  1990). 

Coniferous  forests  in  several  parts  of  central 
and  northern  Europe  are  severely  affected  by  air 
pollution  (Blank  1985;  Andersson  1986;  Schulze 
1989).  The  accelerated  needle-loss  observed  in 
polluted  areas  has  been  interpreted  as  a symptom 
of  increasing  stress.  The  architecture  of  the  trees 
is  altered  by  the  decreasing  needle  density  which 
makes  the  canopies  and  the  branches  '‘thinner” 
(Westman  & Lesinski  1986).  These  changes  may 
affect  the  tree-living  fauna  indirectly  as  plant 
structures  are  important  in  providing  living-space 
(Lawton  1986).  Vegetation  structure  has  been 
suggested  as  a major  factor  in  determining  the 


‘To  whom  correspondence  should  be  directed. 


abundance  and  diversity  of  plant-living  arthro- 
pods (May  1978;  Southwood  1978;  Morse  et  al. 
1985;  Lawton  1986).  The  relationship  between 
vegetation  structure  and  spider  community  is  es- 
pecially well  documented  (e.  g.  Duffey  1962;  Col- 
eboum  1974;  Hatley  & MacMahon  1980;  Rob- 
inson 1981;  Rypstra  1983;  Greenstone  1984; 
Gunnarsson  1988,  1990,  1992), 

Indirect  effects  of  air  pollution,  mediated  by 
needle-loss  in  spruce,  have  been  observed  in  nat- 
ural spider  populations  in  SW  Sweden.  Earlier 
studies  showed  that  the  abundance,  size  distri- 
bution and  taxonomic  composition  were  affected 
by  the  needle  density,  i.  e.,  indirectly  related  to 
air  pollution  effects  (Gunnarsson  1988,  1990). 
There  is,  however,  no  evidence  for  any  toxic  ef- 
fects of  acid  precipitation  on  spiders  (Gunnars- 
son & Johnsson  1989). 

Here,  we  examine  the  effects  of  needle  density 
in  spruce  on  the  abundance  of  spiders  in  a field 
experiment.  The  accelerated  needle-loss  was 
simulated  by  removal  of  approximately  25%  of 
the  needles  from  experimental  branches.  Any  dif- 
ference in  spider  abundance  should  be  possible 
to  attribute  to  the  experimental  manipulation  of 
needle  density  since  all  spiders  were  removed 
from  the  branches  at  the  start  of  the  experiment. 
The  prediction  is:  lower  spider  density  on  the 
needle-thinned  branches  than  on  the  controls. 
An  earlier  two-month  field  experiment  showed 
low  densities  on  needle-thinned  branches  (Gun- 
narssoE  1990).  However,  this  experiment  was 
performed  in  fall  and  confounding  factors  could 
have  influenced  the  results,  e.  g.,  spiders  may 
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Table  1 . — Data  on  the  control  and  experimental,  needle-thin,  spruce  branches  at  the  end  of  the  field  experiment. 
Means  are  given  as  kg  dry  weight;  n = 15  in  all  cases.  *Before  needle  removal  51.3%;  **7.7%. 


Control 

Experimental 

Mean  (kg) 

(SD) 

Mean  (kg) 

(SD) 

Total  branch-mass 

0.333 

(0.059) 

0.263 

(0.055) 

Twig-mass 

0.178 

(0.039) 

0.162 

(0.032) 

Needle-mass 

0.154 

(0.029) 

0.102 

(0.026) 

Needle  percentage 

46.5 

(4.5) 

38.4* 

(3.3)** 

leave  if  needle-thinned  branches  are  suboptimal 
for  winter  survival.  In  a summer  experiment  we 
examined  whether  needle-density  effects  are  de- 
pendent on  season  or  not. 

METHODS 

The  study  site  is  part  of  a vast  coniferous  forest 
situated  about  25  km  E of  Goteborg  in  SW  Swe- 
den. The  predominant  tree  is  spruce  {Picea  abies) 
of  various  sizes.  Fifteen  experimental  trees  were 
selected  using  random  numbers,  and  two  branch- 
es - one  control  and  one  experimental  - in  each 
tree  were  randomly  selected  up  to  a height  of  2 
m above  the  ground.  The  branches  in  the  same 
tree  and  at  the  same  height  were  assumed  to  be 
approximately  equal  micro-habitats  for  the  spi- 
ders (Gunnarsson  1990). 

The  field  experiment  was  performed  between 
the  1 June  and  5 August  1991.  All  spiders  on 
experimental  and  control  branches  were  re- 
moved by  enclosing  the  needle-carrying  parts  of 
spruce  branches  in  plastic  sacks  and  then  shaking 
the  branches  vigorously.  The  contents  of  each 
sack  were  examined  in  a white  bowl  and  the 
spiders  collected  were  preserved  in  70%  ethanol. 
The  branches  were  then  examined  and  any  re- 
maining webs  or  spiders  were  removed.  One  of 
the  branches  on  each  tree  was  used  with  its  nat- 
ural needle  density  as  control.  In  the  other  branch, 
on  average,  24.3%  (±8.3%  SD,  « = 15)  of  the 
needles  were  removed  to  produce  a needle- 
thinned  branch.  This  needle-loss  is  similar  to 
that  observed  in  “slightly”  damaged  forests  in 
Sweden  (Andersson  1986).  The  removal  was  done 
by  hand  picking;  and  in  order  to  simulate  the 
field  situation,  the  needle  density  reduction  was 
higher  on  the  inner  parts  of  the  branch  than  on 
outer  parts.  The  removed  needles  were  brought 
to  the  laboratory  for  weighing. 

After  seven  weeks,  the  branches  were  cut  di- 
rectly into  plastic  sacks,  which  were  sealed  and 
brought  to  the  laboratory  where  they  were  stored 
at  4 ®C  until  examination.  The  branches  were  cut 


into  small  pieces  and  each  piece  was  shaken  and 
carefully  examined  over  a white  bowl.  The  spi- 
ders obtained  were  stored  in  ethanol.  The 
branches  were  dried  at  ±85  °C  for  24  h.  Each 
branch  was  divided  into  two  fractions,  needles 
and  twigs,  which  were  weighed  separately. 

The  spider  densities  were  related  to  the  dry 
twig-mass  (numbers/twig-mass  in  kg).  This  means 
that  the  experimental  needle  density  reduction 
did  not  influence  the  density  estimates. 

The  body  length  (from  abdomen  to  carapace, 
excluding  chelicerae  and  spinnerets)  of  all  spiders 
were  estimated  with  a ocular  micrometer  on  a 
stereo  microscope.  Two  length  categories  were 
distinguished:  “small”  (<2.5  mm)  and  “large” 
(>2.5  mm)  spiders  (Askenmo  et  al.  1977;  Gun- 
narsson 1983,  1988,  1990). 

Two-tailed  non-parametric  tests  were  used  be- 
cause of  non-normal  data.  Means  are  given  to- 
gether with  their  standard  deviations  (SD).  The 
statistical  tests  were  the  Wilcoxon  matched-pairs 
signed-ranks  test  (Wi),  the  Mann-Whitney  U-XqsX 
(M- W),  and  the  Kolmogorov-Smimov  two-sam- 
ple test  (K-S)  (ST  AT  VIEW  SE  software,  version 
1.04). 

RESULTS 

Before  the  start  of  the  experiment,  the  mean 
percentage  of  needles  in  experimental  branches 
was  51.3%  vs.  46.5%  in  controls  (Table  1).  The 
spider  mean  abundances  were  91.1  and  100.1, 
respectively  (Table  2).  There  was  no  significant 
difference  between  these  abundances  (Wi,  z = 
—0.734,  n=  15,  F > 0.4).  Moreover,  there  were 
no  density  differences  of  large  and  small  spiders 
(delimiting  length  2.5  mm)  between  experimen- 
tal and  control  branches  (Table  2;  Wi,  n = 15, 
large:  z = -1.14,  F = 0.26;  small:  z = -0.45,  F 
= 0.65).  The  mean  length  (M-W,  z = - 1.35, 

= 270,  «2  = 224,  F = 0.18)  and  the  size  distri- 
bution (K-S,  z = 0.98,  F = 0.33)  were  similar  in 
experimental  and  control  branches  before  the  start 
of  the  experiment. 
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Table  2. —Spider  mean  abundances  (numbers/kg  dry  twig-mass)  in  control  and  experimental  branches  before 
the  start  of  the  experiment  and  at  the  end  of  a seven  week  experimental  period.  “Large  spiders”  refers  to  body 
length  >2.5  mm,  and  “small  spiders”  refers  to  body  length  <2,5  mm.  n=  15  in  all  cases. 


Before  experiment  End  of  experiment 


Control  branches 

Experimental  branches 

Control  branches 

Experimental  branches 

Mean  (SD) 

Mean  (SD) 

Mean  (SD) 

Mean  (SD) 

All  spiders 

100.1 

(36.4) 

9L1 

(30.1) 

111.9 

(38.7) 

87.8 

(23.1) 

Large  spiders 

42.5 

(23.9) 

33.1 

(18.5) 

46.9 

(23.2) 

35.5 

(20.7) 

Small  spiders 

56.9 

(21.7) 

58.0 

(20.7) 

65.4 

(23.0) 

52.3 

(19.6) 

The  removal  of  needles  from  treated  branches 
resulted  in  a mean  needle  percentage  of  38.4% 
(needle-mass/total  branch-mass  x 100),  based 
on  dry  weights.  The  mean  percentage  of  needles 
on  control  branches  was  46.5%  (Table  1). 

After  seven  weeks  of  the  experiment,  the  mean 
abundance  of  spiders  in  the  control  branches  was 
111.9  spiders  per  kg  dry  twig-mass  vs.  87.8  in 
the  needle-thinned,  experimental  branches  (Ta- 
ble 2).  This  22%  reduction  on  experimental 
branches  was  statistically  significant  (Wi,  z = 
- 1 .99,  n=  1 5,  T = 0.047).  The  mean  abundance 
of  large  spiders  (>2.5  mm)  on  needle-thinned 
branches  was  35.5  spiders  per  kg  dry  twig-mass, 
and  on  control  branches  it  was  46.9  (Table  2). 
The  difference  was  highly  significant  (Wi,  z = 
“2.67,  n=  1 5,  P = 0.0076).  However,  the  abun- 
dance of  small  spiders  (<  2.5  mm)  was  similar 
on  the  branch  categories  at  the  end  of  the  ex- 
periment (Table  2;  Wi,  z = - 1.08,  n=  15,  P = 
0.28). 

Neither  the  mean  body  length  of  spiders  (M- 
W,  z = -0.61,  = 308,  = 212,  P = 0.54), 

nor  the  size  distribution  (K-S,  z = 0.5,  T = 0.62) 
differed  significantly  between  the  pooled  speci- 
mens of  control  and  needle-thinned  branches. 

DISCUSSION 

The  spider  abundance  on  branches  with  low 
needle  density  was  lower  than  on  needle-dense 
branches.  This  shows  that  variations  in  the  nee- 
dle density  can  influence  spider  density  in  natural 
populations.  Alternatively,  the  process  is  time 
dependent  and  the  experimental  period  may  have 
been  too  short  to  allow  colonization  up  to  the 
carrying  capacity  of  spiders  on  the  branches.  This 
was,  however,  not  supported  by  the  spider  abun- 
dance on  control  branches.  At  the  end  of  the 
experiment,  the  mean  density  on  the  controls  was 
12%  higher  than  on  the  same  branches  before 
the  start  of  the  experiment  seven  weeks  earlier. 


Also,  the  results  show  that  the  seasonal  influence 
on  the  process  is  absent. 

Earlier  studies  support  the  hypothesis  of  nee- 
dle density  affecting  the  spider  abundance  on 
spruce  branches.  A comparison  between  two 
spruce  stands  showed  that  the  density  of  large 
spiders  (>2.5  mm)  in  needle-dense  branches  was 
twice  the  density  in  needle-thinned  ones  (Gun- 
narsson  1 988).  In  a natural  population,  there  was 
a positive  correlation  between  spider  abundance 
and  the  proportion  of  needles  in  each  branch, 
and  in  field  and  laboratory  experiments  the  spi- 
der mean  abundance  decreased  in  needle-thinned 
branches  (Gunnarsson  1 990). 

The  observed  effects  on  spider  populations  may 
be  due  to  at  least  two  different  processes:  1)  the 
needle-loss  in  itself,  and  2)  the  interaction  be- 
tween needle  density  and  bird  predation  (Gun- 
narsson 1988,  1990).  There  is  some  difficulty  in 
separating  these  two  mechanisms  from  each  oth- 
er. However,  a laboratory  experiment  suggested 
that  the  spider  colonization  on  spruce  branches 
was  affected  by  the  needle  density  in  itself.  A 
high  needle  density  resulted  in  a higher  spider 
density  than  on  needle-thinned  spruce  branches 
(Gunnarsson  1990).  This  was  not  an  effect  of 
predation  since  spider  cannibalism  was  low  and 
bird  predation  effects  were  absent. 

In  natural  spider  populations  in  spruce,  bird 
predation  is  an  important  mortality  factor  in  all 
seasons  (Askenmo  et  al.  1977;  Jansson  & von 
Bromssen  1981;  Gunnarsson  1983,  1993),  This 
means  that  the  effect  of  needle  density  on  spider 
colonization  of  branches  may  be  interacting  with 
bird  predation  effects  in  natural  populations. 
Strong  bird  predation  effects  on  the  spider  com- 
munity in  spruce  are  demonstrated  in  earlier  ex- 
periments. In  winter,  overwintering  passerine 
birds  search  for  food  in  coniferous  trees  (Hake 
1991;  Suhonen  et  al.  1992).  Experimental  re- 
moval of  bird  predation  on  spruce-living  spiders 
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during  winter  resulted  in  a 20%  increase  in  spider 
survival  (Askenmo  et  al.  1977;  Gunnarsson 
1983).  Moreover,  similar  experiments  focussing 
on  Pityohyphantes  phrygianus  showed  that  spi- 
der densities  on  branches  without  bird  predation 
were  two  times  higher  than  on  controls  after 
summer,  and  between  four  and  ten  times  higher 
after  winter  (Gunnarsson  1993). 

The  spiders  that  colonized  the  branches  in  the 
present  experiment  may  have  been  affected  by 
bird  predation.  If  predation  affected  the  results, 
this  should  not  reduce  the  effect  of  the  low  needle 
density  in  experimental  branches.  On  the  con- 
trary, bird  predation  may  have  enhanced  the  ef- 
fect of  the  needle-thinned  vegetation  structure 
since  spiders  may  be  easier  to  detect  on  such 
spruce  branches.  This  was  supported  by  the  sig- 
nificantly lower  density  of  large  spiders,  but  not 
of  small  ones,  on  needle-thinned  branches.  It  is 
known  that  birds  primarily  affect  the  abundance 
of  large  spiders  (Askenmo  et  al.  1977;  Gunnars- 
son 1983),  and  results  similar  to  those  in  the 
present  experiment  were  obtained  in  natural 
spruce  stands  with  needle  density  differences 
(Gunnarsson  1988). 

Spiders  search  actively  to  find  a suitable  mi- 
cro-habitat for  their  foraging,  egg-production,  etc. 
(Riechert  & Gillespie  1986).  This  process  is  an 
interaction  with  the  vegetation  structure  and 
Waldorf  (1976)  suggested  that  there  was  size- 
dependent  choice  of  micro-habitat  among  spi- 
ders in  Mahonia  aquifolium.  This  means  that 
micro-habitat  selection  by  spider  size  categories 
may  differ  in  contrasting  environments.  In  a field 
experiment,  using  artificial  plants  with  different 
fractal  dimensions,  Gunnarsson  (1992)  showed 
that  vegetation  structure  affected  the  size  distri- 
bution of  spiders.  Plants  with  complicated  struc- 
ture were  colonized  by  a higher  proportion  of 
small  spiders  than  were  plants  with  a simpler 
structure.  In  spruce  branches,  however,  a needle 
density  reduction  similar  to  that  observed  in 
moderately  polluted  areas  (20-30%  needle-loss) 
does  not  produce  a significant  change  in  the  frac- 
tal dimension  (Gunnarsson  1990).  However,  an 
interaction  between  needle  density  and  bird  pre- 
dation may  possibly  enhance  spider  size  differ- 
ences in  spruce  (Gunnarsson  1988,  1990,  re- 
viewed in  Wise  1993).  In  a large-scale  field  ex- 
periment, there  was  some  evidence  for  such  an 
interaction  as  differences  in  body  size  was  de- 
tected between  needle-thinned  and  control 
branches  in  absence  of  bird  predation  (Gun- 
narsson unpubl.  data). 


To  summarize,  the  results  in  the  present  field 
experiment  strengthen  the  hypothesis  of  needle 
density  as  an  important  force  in  determining  the 
spider  community  in  spruce. 
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NUMBERS  OF  BROODS  PRODUCED  BY  THE  CRAB  SPIDER 
MISUMENA  VATIA  (ARANEAE,  THOMISIDAE) 


Douglass  H.  Morse;  Department  of  Ecology  and  Evolutionary  Biology,  Box  G-W, 
Brown  University,  Providence,  Rhode  Island  02912  USA 

ABSTRACT.  In  coastal  Maine  the  crab  spider  Misumena  vatia  produces  a single  brood  of  eggs,  but  incipient 
signs  of  double-broodedness  occasionally  appear:  1)  hunting  after  guarding  nest  of  first  brood;  2)  apparent  laying 
of  second  brood  by  artificially  provisioned  individuals  during  an  unusually  warm  summer;  3)  and  occasional 
production  of  second  nests  without  eggs,  accompanied  by  guarding.  To  determine  whether  these  spiders  are 
capable  of  producing  a successful  second  brood,  I provisioned  adult  females  to  enhance  early  laying  of  a first 
brood,  removed  them  from  their  brood  after  1 0 days,  mated  half  of  them  a second  time,  and  then  provisioned 
them  all  again.  Nearly  two-thirds  laid  a second  brood,  whose  success  did  not  differ  from  that  of  unmanipulated 
Misumena  first  broods  in  the  study  area.  Numbers  of  remated  and  non-remated  females  producing  young  did 
not  differ,  indicating  that  remating  is  not  necessary  for  a successful  second  brood.  However,  five  broods  of  non- 
remated  spiders  had  low  hatching  success,  suggesting  that  sperm  were  sometimes  limiting.  Semelparity  in  this 
population  is  thus  apparently  normally  maintained  indirectly  by  the  length  of  the  season. 


Most  temperate-zone  spiders  are  reproduc- 
tively  active  for  a single  year,  probably  a con- 
sequence of  the  adults’  inability  to  survive  the 
winter  (Gertsch  1979).  The  reproductive  effort 
itself  may  be  divided  into  one  or  more  broods, 
the  number  varying  with  the  species  and,  at  an 
intraspecific  level,  often  with  hunting  success 
(Turnbull  1962;  Kessler  1971;  Schaefer  1976). 
Some  species  guard  their  broods  (e.g.,  Fink  1986), 
thereby  facilitating  success,  but  lowering  their 
opportunity  for  producing  extra  broods.  Single- 
broodedness  (semelparity)  would  be  most  likely 
expected  among  such  species.  In  this  context  I 
define  semelparity  as  the  production  of  a single 
brood  (one  egg  mass),  as  opposed  to  producing 
two  or  more  broods  at  different  times  during  a 
season  (Fritz  et  al.  1982). 

The  crab  spider  Misumena  vatia  is  generally 
considered  to  be  semelparous  (Gertsch  1939), 
and  I have  not  observed  it  to  produce  more  than 
one  successful,  natural  brood  at  a northerly  site 
along  the  Maine  coast  (Morse  1979,  1988).  Since 
members  of  this  population  have  a short  repro- 
ductive season,  and  their  egg  masses  average  65% 
of  the  maternal  prelaying  biomass  (Fritz  & Morse 
1985),  the  question  arises  about  what  factors  re- 
strain these  spiders  from  laying  a second  brood. 
Either  the  season  might  be  too  short  for  more 
than  one  brood  (Fink  1986),  or  the  brood  might 
be  too  large  to  permit  recovery  for  a second  one 
(see  Roff  1992;  Steams  1992).  The  cause-and- 
effect  relationship  between  these  two  factors  is 


not  clear  in  Misumena,  nor  is  the  degree  to  which 
its  semelparity  is  genetically  programmed. 

Over  this  study  (1977-present)  I have  ob- 
tained some  suggestions  that  the  semelparity  ob- 
served is  environmentally  determined.  1)  Some 
individuals  resume  hunting  after  leaving  their 
broods  and  gain  considerable  biomass,  which 
would  be  necessary  to  produce  a second  brood. 
2)  In  1991,  an  unusually  warm  summer,  two 
individuals  I had  provisioned  in  the  laboratory 
prior  to  egg-laying  (first  brood)  in  the  field  almost 
certainly  produced  second  broods:  nest  building 
(Morse  1985)  was  followed  by  a striking  loss  of 
biomass  like  that  accompanying  egg-laying.  The 
artificial  provisioning  permitted  these  spiders  to 
complete  their  first  brood  earlier  than  they  oth- 
erwise would  have,  facilitating  the  possibility  of 
laying  second  broods  generated  from  naturally- 
gained  biomass.  However,  I was  unable  to  verify 
that  these  putative  broods  produced  young.  One 
was  preyed  on,  and  the  leaf  on  which  the  second 
nest  was  located  fell  off  the  plant  and  could  not 
be  found.  3)  I have  also  occasionally  found  nests 
without  eggs  (“pseudonests”)  built  by  individu- 
als that  had  already  fledged  a brood  (12  out  of 
1 434  egg-layers  observed  over  nine  years  = 0.8%). 
This  behavior  demonstrates  that  previous  egg- 
layers  retain  the  behavioral  traits  associated  with 
nest  building,  although  it  need  not  be  associated 
with  laying  eggs. 

Thus,  the  question  of  facultative  iteroparity 
remained:  even  though  it  is  highly  likely  that  two 
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spiders  laid  a second  set  of  eggs,  I do  not  know 
whether  the  eggs  were  fertile.  Although  female 
spiders  may  retain  sperm  for  considerable  peri- 
ods in  viable  form  (Foelix  1982),  it  remains  to 
be  determined  whether  this  holds  for  Misumena, 
or  whether  they  retain  adequate  sperm  for  a sec- 
ond mating.  These  concerns  may  be  important, 
because  numbers  of  adult  males  decline  rapidly 
between  the  first  mating  of  females  and  when 
they  complete  caring  for  their  brood  (Morse,  un- 
published data). 

An  opportunity  to  test  several  aspects  of  this 
problem  arose  in  the  process  of  an  unrelated  ex- 
periment that  required  removal  of  broods  from 
provisioned  guarding  female  Misumena.  I fed 
these  individuals  both  before  and  after  their  first 
broods,  so  the  results  will  not  determine  whether 
Misumena  can  successfully  produce  more  than 
one  brood  in  the  study  area,  but  they  can  answer 
several  questions  about  whether  iteroparity  is 
possible  or  likely. 

METHODS 

Forty  adult  female  Misumena  were  captured 
from  milkweed  {Asdepias  syriaca)  flowers  during 
early  July  of  1993  and  provisioned  in  the  labo- 
ratory with  large  flies  (Syrphidae,  Sarcophagi- 
dae),  moths  (Noctuidae,  Geometridae),  and 
bumblebees  (Apidae).  These  individuals  had  al- 
most certainly  not  laid  before.  Individuals  in  the 
study  area  only  rarely  produce  broods  before  1 
July  (5  of  1615  broods  from  1982-93:  Morse, 
unpublished  data),  and  those  occasional  individ- 
uals, easily  identified  by  their  extremely  shrunk- 
en abdomens,  still  guard  their  nests  at  this  time. 
I also  have  no  record  of  individuals  that  lay  in 
one  year  surviving  until  the  next  (Morse,  un- 
published). After  they  commenced  to  refuse  prey, 
the  spiders  were  weighed  and  placed  in  screen 
cages  (1.5  m X 1.5  m x 1.5  m,  covered  with 
standard  metal  window  screening,  open  at  the 
bottom)  in  the  field  that  covered  a single  milk- 
weed stem.  Gravid  females  routinely  place  their 
egg- sacs  in  nests  fashioned  from  the  enclosed 
vegetation  when  placed  in  these  cages  (Morse 
1985,  1990).  All  of  the  spiders  laid  on  the  milk- 
weed after  one  to  seven  days.  Screens  were  then 
removed,  and  parents  were  again  weighed  and 
then  allowed  to  guard  their  broods  until  the 
broods  were  collected  1 0 days  later. 

At  this  time  parents  were  again  removed  to 
the  laboratory.  As  a result  of  losses  from  pre- 
dation and  handling,  36  adults  were  available  for 
the  experiment  on  semelparity.  Within  a day  af- 


ter collection,  one-half  of  these  spiders  were  mat- 
ed with  males  that  had  been  retained  in  the  lab- 
oratory for  unrelated  breeding  experiments.  All 
the  females  were  then  provisioned  further  until 
they  again  began  to  refuse  prey.  They  were  then 
weighed  and  placed,  as  before,  in  screen  cages, 
in  the  field  to  lay  their  eggs  if  they  were  inclined 
to  do  so.  Those  that  laid  a second  brood  were 
again  weighed  and  then  returned  to  their  nests. 
At  the  end  of  the  season  all  nests  were  collected 
for  analysis.  Offspring  emerge  from  their  nests 
in  the  second  instar,  leaving  behind  their  first- 
instar  cast  skins,  which  provide  an  accurate  rec- 
ord of  success  (Morse  1988). 

Weighing  spiders  immediately  before  and  after 
they  lay  permits  calculation  of  the  size  of  the  egg 
mass,  and  in  turn,  the  reproductive  effort  (bio- 
mass of  eggs/biomass  of  female  immediately  be- 
fore laying).  Loss  of  biomass  to  production  of 
silk  and  other  factors  at  laying  is  1 % or  less  (Fritz 
& Morse  1985),  and  thus  is  not  further  treated 
in  these  analyses. 

RESULTS 

The  experiment  demonstrated  unequivocally 
that  the  spiders  can  produce  a viable  second  brood 
(Table  1),  as  23  of  the  36  individuals  (63.9%) 
reared  at  least  a few  young  in  a second  brood. 
Success  of  those  that  laid  eggs  (23  of  26:  88.5%) 
did  not  differ  from  that  of  unmanipulated  spiders 
that  laid  eggs  a first  time  in  the  same  field  (27  of 
33:  81.8%)  (G  - 0.51,  F > 0.8  in  a G-test).  It 
must  be  emphasized,  however,  that  the  second- 
nesters  had  in  each  instance  already  produced  a 
successful  first  brood. 

Remated  individuals  did  not  differ  from  non- 
remated  ones  in  numbers  of  nests  producing  some 
young  (G  = 1.09,  P > 0.2,  G-test:  Table  1),  in- 
dicating that  many  of  them  retain  viable  sperm 
from  earlier  matings.  A partial  exception  is  that 
five  broods  of  non-remated  females  had  low  suc- 
cess (7.8-37.4%,  X = 21.0%  of  the  eggs  hatched) 
(see  Table  1),  but  none  of  those  in  which  re- 
mating took  place  showed  this  pattern  (F  = 0.03 1 
in  a one-tailed  Binomial  Test).  [For  comparison, 
the  four  individuals  with  high  but  not  complete 
success  averaged  88.4%  (79.8-96.9%)  (Table  1)]. 
However,  three  remated  individuals  produced 
completely  unsuccessful  broods,  for  unknown 
reasons,  although  they  all  had  apparently  suc- 
cessful first  broods  (normal  embryonic  devel- 
opment took  place).  Additionally,  a few  individ- 
uals from  both  groups  did  not  lay  second  broods, 
and  a few  from  both  groups  died  during  provi- 
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Table  L— Success  of  remated  and  not-remated  spi- 
ders {Misumena  vatia)  in  producing  and  rearing  second 
broods  to  emergence  from  the  nest. 


Success 

Remat- 

ed 

Not 

remated 

100%  successful  eggs 

7 

7 

> 50%  successful  eggs 

3 

1 

<50%  successful  eggs 

0 

5 

Eggs  completely  unsuccessful 

3 

0 

Did  not  lay  again 

3 

3 

Died  before  laying  again 

2 

2 

sioning  for  a second  brood  (Table  1).  Overall, 

similarities  between  the  two  groups  greatly  ex- 
ceeded differences.  The  principal  point  of  interest 
is  that  the  majority  of  these  provisioned  indi- 
viduals laid  second  broods,  and  most  of  their 
broods  produced  young. 

Although  body  mass  of  the  spiders  averaged 
slightly  larger  after  laying  the  first  brood  than 
after  the  second,  this  difference  was  not  signifi- 
cant (P  > 0.05  for  both  remated  and  unremated 
ones:  one-tailed  Wilcoxon  matched-pairs,  signed- 
ranks  tests:  Table  2).  Assuming  that  the  average 
difference  between  body  mass  following  first  and 
second  broods  represented  the  proportion  of  body 
mass  not  used  for  the  first  brood  that  was  used 
for  the  second  brood,  over  95%  of  the  resources 
used  for  the  second  brood  must  have  been  gath- 
ered between  the  two  layings  (Table  2). 

No  relationship  occurred  between  the  repro- 
ductive effort  of  the  first  brood  and  whether  a 
spider  laid  a second  brood  (P  > 0.2  in  a one- 
tailed  Mann-Whitney  UTest).  Spiders  producing 
a second  brood  averaged  a reproductive  effort  of 
65.6  ± 4.6%,  n = 26,  during  their  first  brood; 
those  that  did  not  lay  a second  brood,  the  pu- 
tative obligate  semelparous  individuals,  aver- 
aged 66.7  ± 4.7%,  n=  \0.  Within  the  nonlaying 
group,  reproductive  effort  did  not  differ  between 
those  dying  before  others  laid  a second  brood 
(66.2  ± 2.7%,  n = 4)  and  those  surviving  as  long 
as  those  laying  a second  brood  but  not  producing 
one  themselves  (67.0  ± 5.8%,  n = 6), 


DISCUSSION 

Facultative  semelparity.— Any  change  in  fe- 
cundity, age  at  maturity,  or  age-specific  mortality 
that  reduces  the  value  of  adults  and  increases  the 
value  of  juveniles  will  select  for  semelparity  and 
against  iteroparity  (Young  1990;  Steams  1992). 
For  instance,  failure  of  an  adult  to  acquire  enough 
resources  to  breed  in  a particular  year  would  force 
it  to  endure  an  additional  winter,  entailing  high 
mortality  and  strong  selection  to  shorten  the  life 
cycle.  However,  the  investment  by  Misumena  in 
a brood  is  extreme.  Its  extremely  high  repro- 
ductive effort,  about  two-thirds  of  body  mass 
prior  to  egg-laying  (Fritz  & Morse  1985),  exceeds 
that  of  coexisting  hunting  and  sit-and-wait  spi- 
ders [Xysticus  emertoni,  45.0%;  Metaphidippus 
insignis,  55.3%;  Phidippus  darns,  63.5%  (Morse, 
unpublished  data)].  Further,  a substantial  per- 
centage of  guarding  parents  die  before  their  young 
emerge  from  their  nests  slightly  less  than  four 
weeks  later  (Morse  1987). 

On  the  other  hand,  remaining  resources  permit 
survival  for  guarding  a short  time,  and  many 
individuals  do  live  until  their  young  emerge 
(Morse  1987).  It  may  be  that  all  the  resources 
that  can  be  exploited  from  the  body  at  these 
times  are  used,  and  that  the  spiders’  remaining 
resources  merely  happen  to  be  adequate  for  them 
to  survive.  A perhaps  revealing  result  relative  to 
the  argument  about  maximizing  reproductive  ef- 
fort is  that  individuals  laying  two  clutches  under 
provisioned  conditions  registered  a higher  re- 
productive effort  in  the  first  brood  than  in  the 
second,  with  over  95%  of  the  resources  for  the 
second  brood  coming  from  new  food  captured 
after  laying  the  first  brood.  Thus,  the  initial  re- 
productive effort  of  these  spiders  appears  to  be 
as  high  as  possible  within  their  current  morpho- 
logical and  ecological  constraints;  as  noted,  it 
exceeds  that  of  coexisting  spiders  with  compa- 
rable life  styles.  All  of  this  information  suggests 
that  it  would  require  a major  evolutionary  in- 
novation in  Misumena  to  increase  its  reproduc- 
tive effort  substantively.  The  machinery  required 
for  predation,  plus  the  low  metabolic  rate  of  spi- 


Table  2. —Biomass  in  mg,  ±SD,  (mg)  of  spiders  {Misumena  vatia)  following  first  and  second  clutches. 


Second  clutch  as 
a proportion  of 

Treatment  n First  clutch  Second  clutch  first  clutch 

Remated  11  71.6  ± 8.8  67.3  ± 7.0  94.0% 

Not  remated  10  77.7  ± 17.7  74.9  ± 13.4  96.4% 
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ders  (Foelix  1982),  may  account  for  the  ability 
of  most  individuals  to  survive  past  this  prodi- 
gious reproductive  effort.  Given  these  condi- 
tions, any  opportunities  that  exist  after  the  first 
brood  are  a bonus.  There  is  no  clear  evidence 
that  the  spiders  have  compromised  the  first  brood 
for  the  second;  in  fact,  the  relative  reproductive 
efforts  of  the  two  broods  counter  the  common 
prediction  (Williams  1957)  that  reproductive  ef- 
fort will  increase  with  brood,  as  reproductive  val- 
ue (potential  volume  of  future  reproductive  out- 
put) decreases.  The  strength  of  the  egg-laying 
response  obtained  in  the  experiment  was  there- 
fore somewhat  surprising. 

The  presence  of  the  machinery  for  iteroparity 
where  there  has  been  almost  continuous  selection 
for  semelparity  raises  an  interesting  question 
about  the  retention  of  variability  in  life  history 
traits.  Heritability  of  life  history  traits  is  on  av- 
erage lower  than  that  of  most  other  traits,  al- 
though some  variance  usually  remains  (Mous- 
seau  & Roff  1987).  The  retention  of  variation  in 
life  history  traits  should  depend  on  the  age  of  the 
relationship,  as  well  as  the  level  of  ongoing  se- 
lection. If  the  trait  exacted  little  cost,  at  some 
point  selection  toward  obligate  semelparity  would 
be  slowed,  and  vestiges  of  abilities  for  producing 
second  broods  might  remain.  Although  semel- 
parity is  usually  associated  with  big-bang  repro- 
duction, if  organisms  are  often  prevented  from 
producing  an  extremely  large  brood  (e.  g.,  limited 
food  supply:  Fritz  & Morse  1985),  selection  for 
an  extreme  condition  should  decline. 

Predictions  about  neighboring  populations. -- 
The  condition  found  and  the  behavior  associated 
with  it  permit  several  predictions  to  be  made 
about  neighboring  populations.  To  the  south  the 
longer  season  should  permit  a second  brood,  ac- 
companied by  reduced  care  of  the  first  brood.  It 
should  favor  such  individuals  to  invest  all  re- 
maining resources,  limited  as  they  may  be,  into 
guarding  the  second  brood,  although  it  would  be 
interesting  to  determine  whether  guarding,  shown 
in  other  contexts  to  be  an  extremely  simply-trig- 
gered behavior  (Morse  1989),  will  vary  between 
broods.  In  populations  to  the  north,  one  would 
not  predict  a striking  change  in  behavior  from 
that  of  my  study  area,  since  a spider  should  guard 
its  brood  as  long  as  possible.  However,  the  length 
of  the  guarding  period  may  be  curtailed,  limiting 
its  effectiveness,  although  the  range  of  Misumena 
extends  as  far  north  along  the  eastern  seaboard 
as  Labrador  (Dondale  & Redner  1978). 

The  green  lynx  spider  Peucetia  viridans  (Ox- 


yopidae)  exhibits  increasing  tendencies  toward 
double-broodedness  southward  across  central 
Florida  (Fink  1986).  However,  its  behavior,  in- 
cluding hunting  and  constructing  second  egg  sacs 
while  still  guarding,  changes  concurrently,  and 
thus  differs  from  any  tendencies  seen  in  guarding 
Misumena.  Although  guarding  some- 

times capture  prey  that  visit  their  nest-sites,  the 
sites  at  which  they  prefer  to  place  their  nests  do 
not  attract  many  prey,  and  this  food  never  sub- 
stantially increases  their  biomass  (Morse  1987). 
The  lynx  spider’s  strategy  would  favor  building 
nests  at  sites  of  active  flowers.  The  favored  nest- 
ing sites  of  Misumena  are  on  milkweed,  well  after 
it  has  ceased  to  flower;  further,  they  usually  select 
nonflowering  stems  (Morse  1985).  Goldenrods 
(Solidago  spp.)  are  the  principal  field  flowers  in 
bloom  during  the  height  of  the  Misumena  guard- 
ing period,  and  most  of  the  local  goldenrods  have 
lanceolate  leaves  that  would  not  provide  satis- 
factory nesting  sites.  Thus,  a foraging  and  nest- 
production  shift  similar  to  that  of  double-brood- 
ed lynx  spiders  would  additionally  require  a si- 
multaneous shift  in  nest-site  selection  (see  Morse 
1990). 

ACKNOWLEDGMENTS 

I thank  J.  D.  Parrish  for  reading  a draft  of  this 
manuscript.  Partially  supported  by  the  National 
Science  Foundation  (BSR90-07722).  I thank  S. 
Chien,  K.  Erickson,  A.  Holdsworth,  E.  Morse, 
and  J.  Olson  for  assistance  in  the  field,  and  E.  B. 
Noyce  for  permitting  use  of  the  study  site. 

LITERATURE  CITED 

Dondale,  C.  D.  & J.  H.  Redner.  1978.  The  crab  spi- 
ders of  Canada  and  Alaska.  Research  Branch,  Can- 
ada Department  of  Agriculture  Publication,  1663: 
1-255. 

Fink,  L.  S.  1986.  Costs  and  benefits  of  maternal  be- 
haviour in  the  green  lynx  spider  (Oxyopidae,  Peu- 
cetia viridans).  Anim.  Behav.,  34:1051-1060. 
Foelix,  R.  F.  1982.  Biology  of  spiders.  Harvard  Uni- 
versity Press,  Cambridge,  Massachusetts. 

Fritz,  R.  S.,  N.  E.  Stamp,  & T.  G.  Halverson.  1982. 
Iteroparity  and  semelparity  in  insects.  American 
Natur.,  120:264-268. 

Fritz,  R.  S.  & D.  H.  Morse.  1985.  Reproductive  suc- 
cess, growth  rate  and  foraging  decisions  of  the  crab 
Misumena  vatia.  Oecologia,  65:194-200. 
Gertsch,  W.  J.  1939.  A revision  of  the  typical  crab- 
spiders  (Misumeninae)  of  America  north  of  Mexico. 
Bull.  American  Mus.  Nat.  Hist,,  76:277-442. 
Gertsch,  W.  J.  1979.  American  spiders,  second  edi- 
tion. Van  Nostrand  Reinhold,  New  York. 


MORSE-CRAB  SPIDER  BROOD  NUMBER 


199 


Kessler,  A.  1971.  Relation  between  egg  production 
and  food  consumption  in  species  of  the  genus  Par- 
dosa  (Lycosidae,  Araneae).  Oecologia,  8;93”109. 

Morse,  D.  H.  1979.  Prey  capture  by  the  crab  spider 
Misumena  calycina  (Araneae:  Thomisidae).  Oec- 
ologia, 39:309-319. 

Morse,  D.  H.  1985.  Nests  and  nest-site  selection  of 
the  crab  spider  Misumena  vatia  (Araneae,  Thom- 
isidae) on  milkweed.  J.  ArachnoL,  13:383-390. 

Morse,  D.  H.  1987.  Attendance  patterns,  prey  cap- 
ture, changes  in  mass,  and  survival  of  crab  spiders 
Misumena  vatia  (Araneae,  Thomisidae)  guarding 
their  nests,  J.  ArachnoL,  15:193-204. 

Morse,  D.  H.  1 988.  Relationship  between  crab  spider 
Misumena  vatia  nesting  success  and  earlier  patch- 
choice  decisions.  Ecology,  69:1970-1973. 

Morse,  D.  H.  1989.  Nest  acceptance  by  the  crab  spi- 
der Misumena  vatia  (Araneae,  Thomisidae).  J.  Ar- 
achnol.,  17:49-57. 

Morse,  D.  H.  1 990.  Leaf  choices  of  nest-building  crab 
spiders  {Misumena  vatia).  Behav.  Ecol.  Sociobiol., 
27:265-267. 


Mousseau,  T.  A.  & D.  A.  Rolf.  1987.  Natural  selec- 
tion and  the  heritability  of  fitness  components.  He- 
redity, 59:181-198. 

Roff,  D.A.  1992.  The  evolution  of  life  histories. 
Chapman  and  Hall,  New  York. 

Schaefer,  M.  1976.  Experimentelle  Untersuchungen 
zum  Jahreszyklus  und  zur  Uberwinterung  von  Spin- 
nen  (Araneida).  Zool.  Jahrb.  Abt.  Syst.  Okol.  Geogr. 
Tiere,  103:127-289. 

Steams,  S.  C.  1992.  The  evolution  of  life  histories. 
Oxford  University  Press,  New  York. 

T umbull,  A.  L.  1962.  Quantitative  studies  of  the  food 
of  Linyphia  triangularis  (Clerck)  (Araneae,  Liny- 
phiidae).  Canadian  EntomoL,  94:1233-1249. 

Williams,  G.  C.  1957.  Pleiotropy,  natural  selection, 
and  the  evolution  of  senescence.  Evolution,  1 1 :398- 
411. 

Y oung,  T.  P.  1 990.  Evolution  of  semelparity  in  Mount 
Kenya  lobelias.  Evol.  Ecol.,  4:157-172. 

Manuscript  received  7 March  1994,  revised  24  August 
1994. 


1994.  The  Journal  of  Arachnology  22:200-204 


STEREOTYPY  AND  VERSATILITY  OF  THE  COPULATORY 
PATTERN  OF  LYCOSA  MALITIOSA  (ARANEAE,  LYCOSIDAE) 
AT  COOL  VERSUS  WARM  TEMPERATURES 

Fernando  G.  Costa  and  J.  Roberto  Sotelo:  Divisiones  Zoologia  Experimental  y 
Biofisica,  Institute  de  Investigaciones  Biologicas  Clemente  Estable,  Av.  Italia  33 1 8, 
Montevideo,  Uruguay 

ABSTRACT.  Two  groups  of  copulating  pairs  were  observed,  compared  and  analyzed.  Ten  copulations  occurred 
in  group  A at  cool  environmental  temperatures  (mean  =16.2  ®C).  In  group  B,  10  copulations  occurred  at  warm 
environmental  temperatures  (mean  = 27.7  °C).  Mean  copulation  duration  of  group  A was  longer  than  that  of 
group  B.  However,  both  papal  insertion  and  papal  alternation  numbers  did  not  show  any  statistical  differences 
between  the  groups.  Temporal  distribution  of  the  papal  insertions,  as  well  as  the  alternations  in  the  use  of  each 
palp,  showed  differences  in  frequency  and  pattern  when  comparing  the  two  groups.  A high  level  of  stereotypy 
of  the  copulatory  behavior  of  Lycosa  malitiosa  was  confirmed,  together  with  the  inverse  correlation  between 
duration  and  environmental  temperature.  The  decision  whether  to  switch  from  one  palp  to  the  other  might  be 
affected  by  temperature-influenced  local  factors,  such  as  the  viscosity  of  spermatic  fluid  and/or  muscular  fatigue 
in  the  palp. 


The  copulatory  behavior  of  the  lycosid  spiders 
is  generally  complex  and  stereotyped.  The  palpal 
insertion  patterns  show  few  differences,  if  any, 
among  closely  related  species,  but  these  differ- 
ences increase  in  importance  at  higher  taxonom- 
ic levels.  The  following  summary  utilizes  the 
classification  of  subfamilies  proposed  by  Don- 
dale  (1986).  One  pattern  consists  of  multiple  con- 
secutive hematodochal  expansions  and  contrac- 
tions during  a single  palpal  insertion;  it  is  shown 
in  species  of  Sosippinae  {Porrimosa  lagotis:  Cos- 
ta 1982),  Venoniinae  {Pirata  sp.,  incomplete  ob- 
servation: Gerhardt  1 924),  Allocosinae  {Allocosa 
sp.,  pers.  obs.)  and  Lycosinae  {Lycosa  thorelli 
and  L.  carbonelli:  Costa  & Capocascale  1984; 
Trochosa  spp.:  Engelhardt  1964;  Alopecosa  spp.: 
Kronestedt  1 979).  A second  palpal  insertion  pat- 
tern consists  of  the  regular  alternation  of  single 
insertions  by  each  palp;  this  pattern  is  shown  by 
species  of  Pardosinae  {Pardosa  amentata: 
Schmidt  1957;  P.  nigriceps  and  P.  pullata:  Bris- 
towe  & Locket  1926;  P.  lapidicina:  Eason  1969; 
P.  ecatei:  Jimenez  1984)  and  Lycosinae  {Lycosa 
helluo:  Nappi  1965;  L.  chaperi:  Sadana  1972;  L. 
rabida:  Rovner  1972;  L.  tarantula  fasciiventris: 
Ortega  et  al.  1986;  Lycosa  sp.  from  Uruguay: 
pers.  obs.).  The  third  and  fourth  patterns  initially 
consist  of  a “series”  of  consecutive  insertions 
with  a palp,  before  alternating  with  the  other 
palp.  The  third  pattern  is  an  alternating  series 


with  each  palp  ending  by  none  of  few  alternated 
single  insertions,  and  has  been  described  only  in 
Lycosinae  species  {Schizocosa  spp:  Montgomery 
1903;  Rovner  1973,  1974;  Stratton  & Uetz  1983). 
The  fourth  pattern  is  similar  initially,  but  is  fol- 
lowed by  numerous  alternating  single  insertions 
during  much  of  the  copulation  period;  and  it  has 
been  described  in  some  Uruguayan  Lycosinae 
species  {Lycosa  malitiosa:  Costa  1979;  L.  po- 
liostoma  group  and  L.  raptoria,  pers.  obs.).  Ly- 
cosinae stand  out  as  the  more  diversified  sub- 
family in  relation  to  the  copulatory  pattern 
(polyphyly?). 

Lycosa  malitiosa  Tullgren  1905  is  a eury- 
chronous  spider  species,  with  adult  males  and 
sexual  activities  present  during  the  whole  year 
(Costa  1979,  1991).  Copulation  consists  of  two 
phases  of  insertions  (patterns)  plus  brief  minor 
phases  at  the  beginning  and  end  (Costa  1979): 
initial  phase,  insertion  phase  I,  insertion  phase 
II,  and  final  phase.  The  two  insertion  phase  pat- 
terns represent  97.5%  of  the  total  copulation  pe- 
riod, and  include  all  the  palpal  insertions.  Pattern 
I (PI)  consists  of  multiple  consecutive  insertions 
with  the  same  palp,  change  of  side,  then  multiple 
insertions  with  the  other  palp,  and  so  on.  The 
number  of  consecutive  insertions  of  each  palp 
increases  initially  and  thereafter  gradually  de- 
creases with  time.  Finally,  the  male  changes  sides 
to  carry  out  single  insertions  of  each  palp  in  the 
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alternate  manner  (Pattern  II:  PII).  Chewing-like 
movements  were  always  observed  after  each  pal- 
pal insertion.  On  the  average,  PI  lasts  40  min 
and  PII  lasts  60  min.  However,  Costa  & Sotelo 
(1984)  have  noted  that  copulation  duration  in  L. 
malitiosa  changes  according  to  environmental 
temperature  variations  (inverse  correlation), 
much  the  same  as  what  occurs  in  the  physiolog- 
ical and  developmental  processes  of  poikilo- 
therms. 

The  objective  of  this  study  was  to  determine 
whether  environmental  temperature  variations 
could  cause  changes  in  the  distribution  of  palpal 
insertions  during  copulation.  The  qualitative  and 
quantitative  characteristics  of  two  groups  of  L. 
malitiosa  maintained  at  different  temperature 
conditions  were  compared  and  analyzed.  Changes 
in  a highly  stereotyped  behavior,  as  in  the  cop- 
ulatory  pattern  of  this  species,  could  improve  our 
knowledge  on  the  mechanisms  and  factors  which 
determine  and  control  the  sexual  behavior  of  en- 
telegyne  spiders. 

METHODS 

Twenty  males  and  20  females  of  Lycosa  mal- 
itiosa were  collected  as  juvenile  instars  in  the 
Marindia  (Canelones,  Uruguay).  In  the  labora- 
tory the  spiders  were  individually  raised  in  glass 
jars  with  sand,  and  mainly  fed  pieces  of  cock- 
roach {Blaptica  dubia).  Details  of  breeding  meth- 
ods were  similar  to  those  described  in  a previous 
paper  (Costa  1979).  In  group  A the  spiders  were 
raised  in  cool  temperatures  (range:  11 --21  ®C), 
and  in  group  B the  spiders  were  raised  at  warm 
temperatures  (range:  22-33  ®C).  After  molting, 
adult  virgin  spiders  were  divided  into  two  groups. 
In  group  A,  10  males  mated  only  once  with  10 
females  at  cool  temperatures  (winter  season:  June 
to  September).  In  group  B,  10  males  mated  only 
once  with  10  females  at  warm  temperatures 
(summer  season:  December  to  February).  Other 
environmental  conditons  such  as  humidity, 
lighting,  and  photoperiod  were  maintained  rel- 
atively constant. 

The  following  copulatory  characteristics  were 
recorded  in  detail:  number  of  insertions  per- 
formed for  each  active  palp,  number  of  side 
changes  (alternation  in  the  use  of  palps),  number 
of  bouts  of  chewing-like  movements  of  the  just- 
used  palp,  together  with  the  durations  of  inser- 
tions and  side  changes.  The  total  copulatory  du- 
ration was  timed  from  the  male’s  mounting  of 
the  female  until  the  dismount  (see  Costa  1979). 

The  Student  /-test  and  Mann-Whitney  C/-test 


Table  I.— Copulation  duration  in  Lycosa  malitiosa 
and  environmental  temperature  in  Groups  A (10  pairs) 
and  B (10  pairs).  Mean  values  and  standard  deviations 
(SD)  are  shown  together  with  results  obtained  when 
using  Student’s  t test  to  compare  them.  CV:  coefficient 
of  variation;  P:  probability. 


Copulation 
duration  (min) 

Temperature  (°C) 

Mean  ± SD 

CV 

(%) 

Mean  ± SD 

CV 

(%) 

Group  A 

127.2  ± 29.7 

23.3 

16.2  ± 1.5 

9.3 

Group  B 

80.2  ± 13.4 

16.7 

27.7  ± 1.5 

5.4 

t test 

4.56 

17.14 

P 

<0.001 

<0.001 

were  used  for  statistical  comparison  between 
groups.  The  limit  of  statistical  significance  was 
set  at  F = 0.05.  The  curves  shown  in  Fig.  1 were 
fitted  using  the  polynomic  regression  programs 
from  the  PRESTA  statistical  package  (Centro 
Ramon  y Cajal,  Madrid,  Spain). 

RESULTS 

Mean  values  of  copulation  duration  (CD)  from 
group  A (cool)  were  significantly  higher  than  the 
values  obtained  in  group  B (warm).  Mean  en- 
vironmental temperature  values  also  differed 
when  comparing  the  two  groups  (Table  1).  A 
large  variation  in  CD  values  in  group  A coincid- 
ed with  the  large  variation  of  its  temperature 
values. 

Values  of  palpal  insertion  number,  number  of 
side  (palpal)  changes,  duration,  insertion  fre- 
quency, and  side  change  frequency  of  insertion 
patterns  (PI  and  PII)  in  groups  A and  B were 
compared  (Table  2).  Significant  differences  were 
found  in  total  values  (PI  + PII)  durations  as  well 
as  insertion  and  side  change  frequencies.  No  dif- 
ferences in  total  values  for  insertion  numbers  and 
side  change  numbers  were  found  between  the 
groups.  However,  side  changes  in  group  A oc- 
curred more  often  than  in  group  B when  consid- 
ering only  PI.  In  PII,  insertion  and  side  change 
numbers  from  group  B were  higher  than  in  group 
A.  Differences  in  duration  and  frequency  were 
maintained  between  groups  in  both  the  PI  and 
PII  (Table  2). 

Differences  in  the  number  of  insertions  per 
series  were  found  between  the  two  groups  when 
considering  only  the  PI  values.  Group  A per- 
formed 13.7  (±  4.5  SD)  insertions  per  series, 
whereas  group  B performed  20.3  (±  2.8  SD)  in- 
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Table  2.— Palpal  insertions  and  side  shifts  during  the  main  copulatory  phases  in  groups  A and  B.  Mean  values 
and  standard  deviations  (SD)  of  the  whole  behavior;  main  pattern  I (PI)  and  main  pattern  II  (PII)  are  shown 
separately.  Results  obtained  when  applying  the  Student’s  t test  (PI  + PII  duration  values)  and  the  Mann- Whitney 
U test  (numbers  and  frequencies)  to  compare  the  two  groups  are  also  shown,  P:  probability. 


Number  of 

insertions 

Side  shift 
number 

Duration 

(min) 

Insertion 

frequency 

Side  shift 
frequency 

Mean  ± SD 

Mean  ± SD 

Mean  ± SD 

Mean  ± SD 

Mean  ± SD 

PI 

Group  A 

224.7  ± 53.0 

17.4  ± 5.3 

55.1  ± 16.0 

4.2  ± 0.6 

0.3  ± 0.1 

Group  B 

242.9  ± 63.2 

11.9  ± 2.9 

24.0  ± 4.9 

10.2  ± 1.8 

0.5  ± 0.1 

Test 

t/=  47.5 

U=  17.5 

t=  5.88 

C/=  2.0 

U=  11.5 

P 

N/S 

<0.02 

<0.001 

<0.002 

<0.02 

PII 

Group  A 

40.2  ± 10.1 

40.2  ± 10.1 

68.5  ± 18.0 

0.6  ± 0.2 

0.6  ± 0.2 

Group  B 

60.1  ± 18.8 

60.1  ± 18.8 

52.9  ± 11.0 

1.1  ± 0.3 

LI  ± 0.3 

Test 

U=  19.0 

U=  19.0 

t = 2.34 

U=  8.5 

U=  8.5 

P 

=0.02 

=0.02 

<0.05 

<0.002 

<0.002 

Totals 

Group  A 

265.0  ± 57.2 

57.6  ± 13.5 

123.6  ± 30.5 

2.2  ± 0.3 

0.5  ± 0.1 

Group  B 

303.5  ± 67.3 

72.0  ± 19.0 

76.9  ± 13.2 

4.0  ± 0.9 

0.9  ± 0.2 

Test 

U=  36.0 

C/=  28.0 

? = 4.56 

U=  9.5 

C/=  3.5 

P 

N/S 

N/S 

<0.001 

<0.002 

<0.002 

sertions  per  series,  {U  = 14,  P < 0.02).  Palpal 
insertion  distribution  showed  some  differences 
between  the  groups  (Fig.  1).  In  group  A,  a mod- 
erate number  of  insertions  per  series  was  dis- 
tributed among  several  series;  in  group  B,  a high 
number  of  insertions  per  series  was  distributed 
among  few  series.  Figure  1 summarizes  the  dif- 
ferent curve  shapes  of  PI  in  the  two  groups. 

The  bouts  of  chewing-like  movements  showed 
no  significant  differences  between  groups  when 
using  the  U-test  in  both  Cl  (3.98  ± 0.68  in  A 
and  3.46  ± 0.51  in  B)  and  CII  (4.89  ± 1.34  in 
A and  5.82  ± 1.33  in  B). 

DISCUSSION 

Lycosa  malitiosa  copulating  at  a cool  temper- 
ature have  a higher  copulation  duration  than  do 
those  at  a warm  temperature.  This  is  in  agree- 
ment with  the  inverse  correlation  between  CD 
and  environmental  temperature  found  by  Costa 
& Sotelo  (1984).  New  experimental  data  (Costa 
& Sotelo,  unpubl.),  in  which  other  environmen- 
tal factors  were  kept  constant,  support  this  prob- 
able influence  of  temperature. 

The  absence  of  differences  between  groups  in 
the  total  numbers  of  palpal  insertion  and  side 
change  suggests  that  both  parameters  are  species- 


specific  characteristics  of  L.  malitiosa,  in  spite 
of  the  drastic  changes  found  in  copulation  du- 
ration. The  numerical  constancy  of  behavioral 
acts,  and  the  temporal  changes  induced  by  tem- 
perature variations,  are  consequently  responsible 
for  the  changes  in  frequency  of  palpal  insertion 
and  side  shift.  On  the  other  hand,  the  overall 
specific  copulatory  pattern  should  remain  unal- 
tered, showing  the  usual  succession:  initial  phase, 
insertion  phase  I and  II,  and  final  phase  (Costa 
1979).  However,  the  distribution  of  the  behav- 
ioral units  proved  to  be  sensitive  to  temperature 
changes  (differences  in  side  change  number  in  PI 
and  PII,  insertion  number  in  PII,  as  well  as  in 
the  curves  of  distribution  of  insertions  per  series). 

Subtle  behavioral  changes  probably  can  not  be 
explained  by  a direct  influence  of  environmental 
temperature  over  the  nervous  centers  which  con- 
trol this  behavior.  At  least  two  physiological  pro- 
cesses could  be  responsible  for  these  variations 
at  the  palpal  level:  fatigue  of  muscles  related  to 
functioning  of  the  genital  bulb  and/or  changes  in 
the  viscosity  of  spermatic  fluid  in  the  palpal  duct. 

Fatigue  of  a valvular  opening  muscle  located 
in  the  male  palp,  allowing  hemolymph  flow  into 
the  hematodocha,  was  postulated  by  Rovner 
(1975)  to  account  for  the  progressive  increment 
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t i me  (min) 

Figure  L— Main  copulatory  Pattern  I (PI)  of  the  two  groups  of  Lycosa  malitiosa.  The  temporal  insertion 
distribution  per  series  was  established  by  obtaining  average  values  for  each  consecutive  series  in  each  group 
(Group  A:  open  circles  - o;  Group  B:  dark  circles  - •).  The  curves  were  fitted  according  to  the  polynomic  regression 
program  of  the  PRESTA  statistical  package. 


of  palpal  insertion  duration  in  entelegyne  male 
spiders.  This  hypothesis  was  supported  by  pre- 
vious findings  by  the  same  author  (Rovner  1971, 
1972,  1974;  Rovner  & Wright  1975)  in  Lycosa 
rabida,  Schizocosa  saltatrix  and  5.  avida.  This 
palpal  muscle  would  be  more  efficient  at  a higher 
environmental  temperature  than  at  a lower  one 
(for  example,  by  improving  ffow  rates),  thus  en- 
hancing the  number  of  consecutive  insertions. 

Our  hypothesis  proposes  a proprioceptive  in- 
put from  the  palp,  which  could  indicate  the  dim- 
inution or  absence  of  the  spermatic  fluid.  This 
process  would  be  altered  by  temperature  varia- 
tions. At  cool  temperatures  the  ffuid  would  be 
more  viscous  than  at  warm  and  would  ffow  slow- 
ly into  the  spermophor  (palpal  duct).  Putative 
spermophor  receptors  could  initiate  an  early 
side  change  due  to  the  decrease  or  absence  of 
ffuid.  At  warm  temperatures  the  spermatic  ffuid 
would  ffow  rapidly,  delaying  the  side  shift  and 


therefore  resulting  in  a higher  number  of  con- 
secutive insertions  of  each  palp.  PII  would  be 
triggered  by  a major  depletion  of  sperm  ffuid  in 
the  spermophor,  while  a single  insertion  would 
trigger  the  side  shift  and  use  of  the  other  palp. 
Current  studies  suggest  that  the  presence  of  ffuid 
in  the  spermophor,  and  not  necessarily  sperm, 
is  responsible  for  this  phenomenon. 

The  hypotheses  presented  above  do  not  ex- 
clude one  another.  The  male  could  make  the 
decision  to  switch  palps  when  spermatic  ffuid  is 
scarce  or  absent  in  the  sensitive  region  of  the 
spermophor  and/or  when  the  valvular  muscle 
is  fatigued.  Both  neural  programming  and  the 
presence  of  spermatic  ffuid  in  the  opposite  palp 
could  trigger  the  palpal  shift.  Higher  tempera- 
tures could  facilitate  a better  ffuid  evacuation 
and/or  a better  action  of  the  valvular  muscle, 
thus  accounting  for  the  slightly  higher  number 
of  palpal  insertions  and  side  shifts  performed  by 
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group  B.  Variations  in  copulatory  behavior  due 
to  environmental  temperature  would  always  be 
buffered  by  genetic  constraints. 
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HABITAT  PARTITIONING  BY  THE  WOLF  SPIDER 
(ARANEAE,  LYCOSIDAE)  GUILD  IN  STREAMSIDE 
AND  RIPARIAN  VEGETATION  ZONES  OF  THE 
CONEJOS  RIVER,  COLORADO 


J.  Bruce  Moring'  and  Kenneth  W.  Stewart^:  ‘United  States  Geological  Survey,  8011 
Cameron  Road,  Austin,  Texas  78754  USA  and  ^Department  of  Biological  Sciences, 
University  of  North  Texas,  Denton,  Texas  76203  USA 

ABSTRACT.  Members  of  a guild  of  cursorial  spiders  {Pardosa  spp.  and  Alopecosa  spp.)  spatially  segregate 
among  five  discrete  habitats,  ranging  from  a streamside  cobble  habitat  extending  laterally  along  a successional 
gradient  to  the  leaf  litter  zone  of  a transition  or  climax  high  elevation  (2348  m)  riparian  coniferous  forest  in 
Colorado,  Seasonal  activity  peaked  in  midsummer  for  all  guild  members.  Spiders  were  diumally  active  earlier 
in  streamside  habitats,  and  levels  of  activity  were  positively  correlated  with  light  intensity.  Guild  members 
Pardosa  tristis  and  P.  uncata  were  most  different  in  habitat  selection  and  periods  of  diurnal  activity.  Males  and 
females  of  all  guild  species  differed  in  their  distribution  among  habitats  and  over  months  of  collection.  Measures 
of  guild  species  diversity  and  evenness  were  variable  between  habitats,  and  were  largely  influenced  by  the 
relatively  high  abundance  of  one  or  two  guild  species,  particularly  in  the  streamside  habitats. 


Several  workers  have  reported  that  vegetative 
diversity  and  structural  complexity  are  impor- 
tant determinants  of  spider  community  structure 
(Luczak  1959,  1963;  Duffey  1966,  1970;  Hatley 
& MacMahon  1980;  Bultman  et  al.  1982;  Abra- 
ham 1983;  Greenstone  1984;Rypstra  1986;Uetz 
1991),  yet  little  is  known  about  species  compo- 
sition or  diversity  of  spiders  associated  with  in- 
dividual forest  stands,  forest  stand  types,  or  for- 
est communities  in  North  America  (Jennings  et 
al.  1988). 

The  relatively  open-canopied  river  ecosystems 
of  western  North  America  typically  have  an  un- 
vegetated streamside  zone  characterized  by  ero- 
sional  or  depositional  materials,  grading  laterally 
into  floodplain  successional  zones  culminating 
in  a transition  or  climax  riparian  forest.  Because 
of  the  biological  and  physical  differences  of  these 
zones  and  the  probable  species-specific  differ- 
ences in  habitat,  trophic,  and  reproduction  re- 
quirements of  spiders,  we  expected  to  find  a par- 
titioning of  the  available  microhabitats  in  these 
zones. 

In  this  study,  we  examined  the  seasonal  and 
diurnal  patterns  of  distribution  and  activity 
among  members  of  a wolf  spider  guild  (Lycosi- 
dae)  in  a streamside  zone  and  four  lateral  suc- 
cessional plant  zones  along  the  Conejos  River  in 
south-central  Colorado.  Wolf  spiders  are  one 
component  of  the  wandering  or  cursorial  spider 


“super-guild”  consisting  of  the  families  Clubi- 
onidae,  Gnaphosidae,  Lycosidae,  Pisauridae, 
Thomisidae,  Hahniidae  and  some  Agelenidae. 
The  Lycosidae  represent  a guild  of  “sit-and-wait” 
predators  that  are  generally  stationary  with  only 
occasional  movements  between  sites  (Bultman 
et  al.  1982).  Uetz  (1975)  indicated  that  guilds 
provide  an  appropriate  functional  group  for  ad- 
dressing species  composition  and  community 
structure. 

METHODS 

Spiders  were  collected  in  five  zones  adjacent 
to  the  Conejos  River  in  the  San  Juan  Mountains 
of  South-Central  Colorado,  24.1  km  west  of  An- 
tonito,  Colorado,  Conejos  County,  at  an  eleva- 
tion of  2348  m.  The  site  was  approximately  100 
m south  of  the  United  States  Forest  Service  River 
Springs  Work  Station.  The  serai  and  climax 
woody  vegetation  were  generally  characterized 
by  a riparian  mixed  deciduous  and  coniferous 
forest,  consisting  of  Douglas  fir  {Pseudotsuga 
menzesii),  yellow  pine  {Pinus  ponderosa),  Engle- 
mann  spruce  {Picea  englemanni),  narrow  leafed 
cottonwood  {Populus  augustifolia),  and  dense 
willow  stands  (Salix  sp.)  adjacent  to  the  stream. 
Grasses  and  willow  predominated  within  ap- 
proximately 5 m of  the  stream,  with  a 2 to  5 cm 
deep  litter  layer  on  the  ground  under  the  canopy 
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of  mixed  conifers  and  cottonwoods  more  distant 

from  the  stream. 

Five  distinct  habitats  were  selected  based  on 
substrate  type  (rock,  sand,  grass,  or  leaf  litter), 
intensity  of  incident  solar  radiation,  and  varia- 
tion in  air  and  substrate  temperatures  (Table  1). 
The  first  habitat  was  approximately  a 2 m wide 
rock-cobble  zone  (RC)  along  the  north  margin 
of  the  stream  channel,  subject  to  periodic  in- 
undation, particularly  during  peak  stream  flow 
of  late  spring  and  early  summer.  The  second  hab- 
itat (GW)  was  an  area  3-5  m wide,  approxi- 
mately 3 m from  the  stream  channel,  character- 
ized by  a variety  of  grasses  and  dense  stands  of 
willow  coppices  resulting  from  recurrent  cutting 
by  beavers.  Habitat  three  (SC)  was  an  old  stream 
channel  located  20-30  m from  the  stream’s  edge 
with  a sand  and  large  cobble  substrate  and  little 
or  no  vegetation.  The  fourth  habitat  (GL)  was 
composed  of  leaf  litter,  interspersed  with  patches 
of  grass  and  was  approximately  50-60  m from 
the  stream  channel.  The  fifth  habitat  (LL),  also 
50-60  m from  the  stream,  consisted  of  a litter 
layer  2-5  cm  deep  (primarily  from  the  cotton- 
woods). 

Spiders  were  sampled  within  each  habitat  with 
a set  of  ten  pitfall  traps,  consisting  of  aluminum 
cans  (diameter  =5.5  cm,  volume  = 354  ml)  placed 
at  1 .5  m intervals  in  two  rows  of  five  over  a 23. 1 
m2  area.  The  cans  were  buried  so  that  the  tops 
were  level  with  the  substrate  surface,  and  each 
trap  was  half-filled  with  a 1 : 1 mixture  of  1 00% 
ethylene  glycol  and  70%  isopropyl  alcohol.  The 
ethylene  glycol  minimized  the  evaporative  loss 
of  preservative  between  collections.  Pitfall  traps 
are  more  effective  in  assessing  what  might  be 
termed  the  “active  density”  (Uetz  1977)  of  cur- 
sorial spiders,  and  unlike  quadrat  sampling,  al- 
low for  more  continual  sampling  (Uetz  & Un- 
zicker  1976).  The  traps  were  emptied  on  a 
monthly  basis,  or  approximately  every  25-30 
days  from  June  through  October  in  1987,  and 
May  through  October  in  1988.  Trap  contents 
were  separated  from  the  preservative  with  a 
420jLim  mesh  sieve  mesh,  and  the  traps  were  re- 
charged with  preservative  as  needed. 

Ambient  air  temperature  (2  cm  above  the  sub- 
strate), and  substrate  temperature  (surface  tem- 
perature) were  taken  with  a Cole-Parmer  (Model 
8500-40)  digital  thermometer  at  two  randomly 
selected  (table  of  random  numbers)  sites  in  each 
habitat.  Incident  and  reffective  solar  radiation 
were  also  measured  at  these  sites  with  a Proto- 
matic  (Model  3 1 7 l^hotometer.  These  data  were 


recorded  at  approximately  0900  and  1400  h on 
each  monthly  sampling  day,  and  only  under  clear 
conditions  to  control  for  variation  (other  than 
seasonal)  that  could  be  attributed  to  overcast 
skies. 

Trapped  spiders  were  sorted  by  habitat,  spe- 
cies, age  (juvenile,  penultimate,  or  adult),  and 
sex.  Only  sexually  mature  adults  and  penulti- 
mates were  used  for  analysis.  Prey  abundance 
was  determined  monthly  for  each  habitat  by  us- 
ing what  were  defined  as  potential  or  available 
prey  items  from  the  pitfall  traps.  All  adult  Co- 
leoptera,  Hymenoptera,  Hemiptera,  and  prey 
items  exceeding  the  maximum  length  (1.6  cm) 
of  the  largest  guild  member  (Pardosa  tristis)  were 
excluded  as  potential  or  available  prey.  Acarina 
(mites),  Collembola  (springtails),  Diptera  (true 
flies),  Homoptera  (plant  and  leafhoppers),  Lep- 
idoptera  (noctuid  moths),  Opiliones  (harvest- 
men),  Orthoptera  (crickets  and  grasshoppers), 
Plecoptera  (adult  stoneflies),  and  other  miscel- 
laneous soft-bodied  insects  were  considered  prey. 
Counts  and  total  dry  weight  (samples  oven  dried 
for  24  hours  at  60  °C)  were  determined  for  each 
identified  prey  category  by  month  and  habitat. 

Microhabitat  selection  and  patterns  of  diurnal 
activity  were  assessed  during  periods  of  peak  adult 
activity  (i.e.,  June  through  August)  in  the  sum- 
mers of  1 988  and  1989.  Areas  within  each  of  the 
five  habitats  were  visually  searched  for  10,  15 
minute-time  periods  for  a total  of  150  min  of 
searching  per  habitat.  The  ten  searches  for  each 
habitat  were  subdivided  into  five  morning  (0830 
to  1200  h)  and  five  afternoon  searches  (1300  to 
1730  h).  Spiders  recognized  as  a guild  members 
were  collected  with  an  aspirator,  and  the  collec- 
tion site  marked.  Each  spider  was  placed  on  a 
small  styrofoam  block  (highly  reflective  surface) 
and  restrained.  Body  temperature  was  taken  by 
inserting  a 0.5  mm  diameter  probe,  connected 
to  the  digital  thermometer,  into  the  dorsum  of 
the  spider’s  cephalothorax.  Air  temperature  (2 
cm  above  substrate),  substrate  temperature  (sub- 
strate surface),  incident  radiation  (foot  candles 
converted  to  lux),  time  of  day,  and  habitat  type 
(sand,  grass,  leaf  litter,  or  rock)  were  recorded 
for  each  marked  collection  site. 

Adults  and  the  majority  of  penultimate  guild 
members  were  identified  to  species,  with  confir- 
mation and  some  identification  provided  by  C. 
D.  Dondale  of  the  Biosystematics  Research  Cen- 
tre in  Ottawa,  Canada.  Several  species  repre- 
senting cursorial  spiders  of  the  families  Clubi- 
onidae,  Gnaphosidae,  and  Hahniidae  were  also 
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Table  L™  Physical  characteristics  and  prey  abundance  (dry  weight)  of  each  of  five  discrete  habitats  in  the 
riparian  zone.  Values  are  means  and  standard  deviations  based  on  data  from  May  through  October,  1987  and 
1988. 


Habitat 

Characteristics 

Air  temp. 

(‘’Q 

Substrate 
temp.  (®C) 

Incident 

radiation 

(foot-candles) 

Prey  abundance 
(G) 

Rock-cobble 

19.9  ± 8.85 

20.4  ± 10.3 

3380  ± 2158 

0.575  ± 0.211 

Grass-willow 

22.1  ± 9.85 

21.0  ± 9.21 

3369  ± 2197 

0.278  ± 0.136 

Sand-cobble 

22.7  ± 12.4 

23.5  ± 13.6 

3275  ± 2689 

0.064  ± 0.067 

Grass-litter 

18.6  ± 9.59 

16.7  ± 8.43 

1567  ± 2156 

0.265  ± 0.202 

Leaf  litter 

18.8  ± 8.29 

18.3  ± 8.00 

1299  ± 1287 

0.152  ± 0.093 

collected,  and  identifications  of  these  species  are 
pending  verification  for  use  in  future  studies. 
Voucher  specimens  of  all  guild  members  have 
been  deposited  at  the  Biosystematics  Research 
Centre. 

Differences  in  total  abundance,  abundance  of 
guild  members,  and  relative  abundance  of  males 
and  females  between  months  and  among  habitats 
were  each  compared  with  log-likelihood  good- 
ness of  fit  tests  {G  statistic)  for  contingency  tables 
(Zar  1984).  Species  richness  (MAX  5 for  each 
habitat)  was  measured  as  the  maximum  number 
of  guild  members  represented  in  collections  from 
each  habitat.  A Shannon  index  of  species  diver- 
sity was  calculated  for  each  habitat  (Brower  & 
Zar  1984).  This  species  diversity  index  is  appro- 
priate when  collections  are  thought  to  represent 
subsamples  of  a larger,  unsampled  community 
(Pielou  1 966).  The  Shannon  index  takes  the  form 
of: 

H = (log  n!  - 2 log  ni!)/n 

Species  evenness  (J)  among  the  habitats  was 
determined  as  / = where  is  the 

maximum  possible  diversity  with  a given  n (total 
sample  size)  and  S (number  of  species).  A com- 
munity index  of  proportional  similarity  (PS)  was 
derived  for  each  habitat  (Wolda  1981).  Unlike 
the  majority  of  community  similarity  indices, 
the  index  of  proportional  similarity  accounts  for 
the  relative  abundance  of  each  species.  Species 
rank  abundance  curves  for  each  habitat  were  test- 
ed for  fit  to  a theoretical  log-normal  distribution 
(Ludwig  & Reynolds  1988).  Pearson  coefficients 
of  correlation  (r)  were  determined  to  assess  the 
relationship  between  mean  abundance  (species 
pooled)  and  various  abiotic  variables  for  each 
habitat  (SPSS-X  1985).  Komolgorov-Smimov 
one-sample  goodness  of  fit  tests  (Brower  & Zar 


1 984)  were  used  to  compare  habitat  samples  from 
the  visual  search  technique  for  five  of  the  eight 
guild  members.  Species  were  pooled,  and  fre- 
quencies of  males  and  females  were  tested  for 
independence  of  distribution  among  the  habitats 
in  relation  to  sex  with  a log-likelihood  test  for 
goodness  of  fit.  A Kruskal- Wallis  nonparametric 
analysis  of  variance  and  multiple  range  test  were 
used  to  compare  temperature  differentials  (i.e., 
body  temperature  - air  temperature)  between  the 
habitats  (Brower  & Zar  1984).  Pooled-within- 
group  coefficients  of  correlation  between  dis- 
criminating variables  and  the  first  two  discrim- 
inant functions  derived  from  a step-wise  dis- 
criminant function  analysis  were  determined,  and 
mean  discriminant  function  scores  for  five  of  the 
eight  guild  members  were  also  calculated  (SPSS-X 

1985) .  Discriminant  function  analysis  is  a com- 
monly-used multivariate  technique  in  ecology 
and  systematics  to  allow  for  the  discrimination 
among  individuals  or  groups  such  as  species  based 
on  a linear  combination  of  several  predictor  vari- 
ables to  form  one  or  more  new  discriminating 
variable  or  functions  (Sokal  & Rohlf  1981). 

RESULTS 

Physical  parameters  varied  among  the  five  dis- 
crete habitats  (Table  1).  Both  mean  daily  sub- 
strate and  air  temperatures  increased  from  the 
rock-cobble  and  grass- willow  habitats  to  the  sand- 
cobble  habitat,  and  decreased  in  the  more  closed- 
canopied  grass-litter  and  leaf  litter  habitats.  In- 
cident solar  radiation  was  highest  in  the  rock- 
cobble  adjacent  to  the  stream,  and  decreased  on 
average  by  61.6%  from  the  rock-cobble  to  the 
leaf  litter  habitats.  Prey  abundance  was  highest 
in  the  open-canopied  rock-cobble,  and  lowest,  as 
expected,  in  the  more  microclimatically  extreme 
sand-cobble. 
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Table  2.— Guild  members  with  total  and  relative 
abundance.  Samples  pooled  for  all  habitats  and  months 
from  1987  and  1988  field  seasons. 


Species  {n  = 1121) 

Total 

Per- 

cent 

Alopecosa  aculeata  (Clerck) 

115 

10.3 

Alopecosa  kochi  (Keyserling) 

80 

7.1 

Pardosa  distincta  (Blackwall) 

338 

30.1 

Pardosa  steva  Lowrie  & Gertsch 

4 

0.4 

Pardosa  tesquorum  (Odenwall) 

239 

21.3 

Pardosa  tristis  (Thorell) 

72 

6.4 

Pardosa  uncata  (Thorell) 

207 

18.5 

Pardosa  yavapa  Chamberlin 

66 

5.9 

A total  of  1121  adult  and  penultimate  wolf 
spiders,  representing  two  genera  {Pardosa  and 
Alopecosa)  and  eight  species  was  collected  in  the 
pitfall  traps  over  the  two  field  seasons  (Table  2). 
Pardosa  distincta  (Blackwall)  was  the  most  abun- 
dant guild  member  in  pitfall  collections,  with  P. 
tesquorum  (Odenwall)  and  P.  uncata  (Thorell) 
second  and  third  in  number,  respectively.  Only 
four  P.  steva  Lowrie  & Gertsch  were  taken  in 
pitfall  traps  across  all  five  habitats.  Spiders  of  the 
genus  Pardosa  spp.  constituted  82.6%  of  indi- 
viduals collected.  Spiders  (species  pooled)  were 
unevenly  distributed  between  habitats  and  over 


the  months  of  collection  (G  = 65.38,^^=4,  P 
< 0.001).  The  largest  number  collected  for  any 
month  (546)  was  taken  during  July  (Fig.  1);  and 
with  the  exception  of  P.  yavapa,  each  species  was 
most  frequently  taken  in  pitfall  traps  during  July 
(Fig.  2).  The  distribution  of  guild  members  among 
the  habitats  was  highly  variable  {G  = 677.3,  df 
= 4,  P < 0.001).  Pardosa  tesquorum  and  P.  tristis 
were  most  frequent  in  the  rock-cobble  habitat, 
and  P.  distincta  was  most  abundant  in  the  grass- 
willow  habitat  (Fig.  2).  The  sand-cobble  habitat 
was  characterized  by  the  highest  frequency  of  P. 
yavapa,  and  P.  uncata  was  largely  restricted  to 
the  two  litter  habitats. 

Of  the  spiders  collected  in  pitfall  traps,  64.9% 
were  adult  males.  The  distribution  of  spiders 
among  the  five  habitats  was  not  independent  of 
sex  {G  = 30.20,  df  = 4,  P < 0.001).  The  highest 
ratio  of  males  to  females  (316:99)  was  from  the 
rock-cobble.  Males  and  females  were  not  dis- 
tributed over  time  (months  of  collection)  inde- 
pendent of  sex  (G  = 171.8,  #=  5,  P < 0.001). 
The  abundance  of  males  was  more  than  twice 
that  of  females  during  July,  and  the  frequency  of 
males  decreased  to  numbers  below  that  of  fe- 
males during  September  and  October. 

All  eight  guild  members  were  trapped  in  the 
rock-cobble  bordering  the  stream  channel  (Table 
3).  Both  the  grass-willow  and  grass-litter  habitats 


■1 RC  ■ GW  EZI  sc  ■ GL  CZH  LL 

Figure  1.— Mean  abundance  (species  pooled)  of  wolf  spiders  by  habitat  and  month  based  on  pitfall  trap 
collections  over  the  1987  and  1988  field  seasons.  Habitat  designation  in  all  figures:  RC  = rock-cobble,  GW  = 
grass- willow,  SC  = sand-cobble,  GL  ==  grass-litter,  LL  = leaf  litter. 
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Figure  2.— Mean  abundance  of  guild  members  by  month  and  habitat  based  on  pitfall  collections  over  the 
1987  and  1988  field  seasons.  Top  - abundance  by  month;  Bottom  - abundance  by  habitat. 


had  a guild  species  richness  of  six,  with  no  P. 
steva  collected  in  either  habitat.  Pardosa  tristis 
was  absent  from  the  grass-litter.  Despite  the  low 
number  of  spiders  collected  (80)  in  the  sand- 
cobble,  seven  of  the  eight  guild  members  were 
represented,  with  only  P.  steva  absent.  Pardosa 


distincta,  P.  tristis,  and  P.  steva  were  not  trapped 
in  the  leaf  litter  habitat  over  two  field  seasons. 

Guild  diversity  (H)  was  highest  for  the  rock- 
cobble  habitat  and  lowest  for  the  grass-willow 
habitat  (Table  3).  Higher  guild  evenness  (J)  val- 
ues were  derived  for  the  three  habitats  (sand- 
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Table  3.— Total  number  of  spiders  («),  Guild  species 
richness  (S),  Diversity  (H),  and  Evenness  (J)  by  habitat. 
Calculations  based  on  data  from  1987  and  1988. 


Habitat 

Rock-  Grass-  Sand-  Grass-  Leaf 

Index  cobble  willow  cobble  litter  litter 

n 413  310  80  180  138 

5 8 6 7 6 5 

H 0.60  0.38  0.63  0.56  0.38 

J 0.58  0.48  0.73  0.70  0.61 


cobble,  grass-litter,  and  leaf  litter)  more  distant 
from  the  stream  than  either  the  rock-cobble  or 
grass-willow  habitats  (Table  3).  The  habitat  with 
the  lowest  index  of  guild  diversity  (grass-willow) 
also  exhibited  the  lowest  evenness  index.  Com- 
munity (guild)  index  values  of  proportional  sim- 
ilarity (PS)  were  determined  for  each  combina- 
tion of  habitats  (Table  4).  The  grass-litter  and 
leaf  litter  combination  had  the  highest  index  of 
similarity.  The  lowest  index  values  were  for  the 
two  rock-cobble  and  leaf  litter  habitats  that  were 
most  different  in  their  physical  characteristics 
(Table  1),  The  rock-cobble  habitat  had  the  least 
overall  similarity  with  the  other  habitats  (mean 
similarity  = 22. 1).  Species  rank  abundance  curves 
for  each  habitat  were  not  significantly  different 
from  expected  log  normal  distributions  (Fig.  3). 
Correlations  between  physical  parameters  and 
mean  spider  abundance  were  highest  for  the  more 
open  habitats  (Table  5). 

Visual  searches  of  the  five  habitats  produced 
162  wolf  spiders,  representing  seven  of  the  eight 
guild  species  (Table  6).  The  largest  number  of 
wolf  spiders  was  collected  in  the  rock-cobble 
habitat.  The  distributions  of  the  five  dominant 
(i.  e.,  frequency  greater  than  five)  guild  members 
(^.  aculeata,  P.  distincta,  P.  tesquorum,  P.  tristis, 
and  P.  uncata)  among  the  habitats  were  all  sig- 


Table  4. -“Proportional  similarity  {PS)  matrix  be- 
tween habitats.  RC  = rock-cobble,  GW  = grass-willow, 
SC  = sand-cobble,  GL  = grass-litter,  LL  = leaf  litter. 


RC 

GW 

SC 

GL 

LL 

RC 

29.8 

25.9 

23.0 

9.67 

GW 

_ 

26.3 

25.9 

22.2 

SC 

37.2 

29.2 

GL 

- 

- 

82.4 

LL 

_ 

__ 

— 

— 

Table  5.— ’Pearson  Coefficients  of  Correlation  be- 
tween mean  abundance  for  months  May  through  Oc- 
tober (1987  and  1988)  with  physical  variables  and  prey 
dry  weight  for  each  of  five  habitats.  Ta  ==  mean  ambient 
air  temperature,  Ts  = mean  substrate  temperature,  Li 
= incident  solar  radiation,  Prey  = mean  dry  weight  of 
pooled  prey  categories.  Asterisks  indicate  P < 0.05. 


Habitat 

Variables 

Ta 

(°C) 

Ts 

(“Q 

Li 

(lux) 

Prey 

(ri) 

Rock-cobble 

0.74 

0.24 

0.87 

0.39 

Grass-willow 

0.41 

0.40 

0.69 

0.77 

Sand-cobble 

0.91 

0.89 

0.96 

-0.82 

Grass-litter 

0.48 

0.64 

0.94* 

0.75 

Leaf  litter 

0.52 

0.47 

0.71 

0.01 

nificantly  different  from  expected  distributions 
(Table  6).  Pardosa  distincta  (dmax  ^ 10.2,  df= 
4,  F < 0.01)  and  P.  tesquorum  (dmax  = 8.2,  df 
= 4,  F < 0.01)  were  more  evenly  distributed 
between  habitats  than  either  F.  tristis  (dmax  = 
27.4,  df  = 4,  P < 0.001)  or  P.  uncata  (dmax  = 
16.0,  #=  4,  F < 0.001),  that  were  restricted  to 
the  open-canopied  (rock-cobble,  grass-willow, 
and  sand-cobble)  habitats  and  closed-canopied 
(grass- willow  and  leaf  litter)  habitats,  respective- 
ly. Despite  pitfall  collections  of^.  aculeata  in  all 
habitats,  this  guild  member  was  only  observed 
during  searches  of  the  grass-litter  and  leaf  litter. 
A total  of  16  juvenile  spiders  that  could  not  be 
identified  to  species  was  collected  during  visual 
searches. 

Unlike  the  overall  ratio  of  males  to  females 
from  pitfall  collections,  a higher  ratio  of  females 
to  males  (121:31)  was  observed  during  visual 
searches  of  the  five  habitats.  The  distribution  of 
these  spiders  among  the  habitats  was  not  inde- 
pendent of  sex  {G  = 192.9,  df=  3,  P < 0.001). 
Females  observed  with  egg  cases  attached  to  their 
spinnerets  were  distributed  unevenly  among  four 
(i.  e.,  none  observed  in  sand-cobble)  of  the  five 
habitats  (dmax  = 12.6,  df=  3,  P < 0.001).  Of 
the  females  with  egg  cases,  88.5%  were  observed 
in  the  rock-cobble  and  grass-willow  habitats. 

Patterns  of  diurnal  activity  were  highly  vari- 
able {G  ^ 89.30,  #=  4,  F < 0.001)  among  guild 
members  (Fig.  4).  Wolf  spider  activity  in  the 
rock-cobble  peaked  at  1000  h,  with  a marked 
drop  in  activity  after  1200  h that  continued 
through  the  afternoon  (Fig.  5).  Incident  solar  ra- 
diation was  significantly  negatively  correlated  (r 
= -“0.631,  F < 0.05)  with  frequency  of  activity 
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Figure  3„“-Rank  abundance  plots  of  guild  species  by  habitat.  Plots  for  each  habitat  were  tested  for  fit  to  a log 
normal  distribution  with  log-likelihood  goodness  of  fit  test  {G  statistic). 


in  the  rock-cobble.  Activity  in  the  grass- willow 
was  highest  at  1 200  h with  a corresponding  in- 
crease in  light  intensity,  and  activity  was  contin- 
ual through  the  afternoon  (Fig.  5).  No  active  wolf 
spiders  were  observed  in  the  grass-litter  habitat 
until  1100  h,  and  incident  solar  radiation  and 
frequency  of  activity  were  significantly  correlated 
(r  = 0.894,  P < 0.05)  in  this  habitat  (Fig.  5). 
Spider  activity  (only  one  individual)  was  first 
observed  in  the  leaf  litter  at  0900  h,  with  activity 
peaking  at  1100  h,  followed  by  a sharp  drop  in 
activity  after  1200  h.  Activity  in  the  leaf  litter 
was  relatively  constant  through  the  afternoon 
even  with  a corresponding  drop  in  light  intensity 


(Fig.  5).  Spider  body  temperature  to  air  temper- 
ature ratios  were  not  significantly  different  be- 
tween habitats  (F’=  0.0526,#==  3,  80;  P>  0.75). 
For  all  habitats,  with  the  exception  of  the  grass- 
litter,  mean  spider  body  temperature  exceeded 
an  air  temperature-body  temperature  line  of 
equivalence. 

Habitat  type  (F=  14.83,  #=  4,60;  P < 0.000 1) 
and  time  of  activity  (F  = 10.17,  #=  4,60;  P < 
0.0001)  were  the  variables  selected  by  the  step- 
wise discriminant  function  analysis  as  the  best 
discriminators  between  the  five  dominant  guild 
members.  The  first  discriminant  function  ac- 
counted for  93.7%  of  among  group  (species)  vari- 


Table  6. —Frequencies  of  each  guild  member  by  habitat  {n  = 162)  from  visual  diurnal  searches.  RC  = rock- 
cobble,  GW  = grass-willow,  SC  = sand-cobble,  GL  = grass-litter,  LL  = leaf  litter. 


Species 

Habitat 

Totals 

P < 

RC 

GW 

SC 

GL 

LL 

Alopecosa  acuieata 

0 

0 

0 

4 

5 

9 

0.01 

Pardosa  distincta 

2 

27 

1 

13 

4 

47 

0.01 

Pardosa  tesquorum 

13 

2 

0 

3 

6 

24 

0.01 

Pardosa  tristis 

35 

2 

1 

0 

0 

38 

0.001 

Pardosa  uncata 

2 

0 

0 

2 

21 

25 

0.001 

Pardosa  yavapa 

0 

0 

0 

0 

1 

1 

_ 

Pardosa  steva 

0 

0 

0 

0 

1 

1 

Pardosa  spp. 

3 

4 

2 

3 

5 

16 

— 

Totals 

55 

35 

4 

25 

43 

162 

- 
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Figure  4.— Diurnal  activity  of  the  five  most  abundant  guild  members  based  on  visual  searches  of  five  discrete 
habitats. 
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Figure  5.— Diurnal  activity  of  wolf  spiders  (species  pooled)  in  four  of  five  discrete  habitats  (Rock-cobble; 
Grass-willow;  Grass-litter;  and  Leaf  litter)  in  relation  to  incident  solar  radiation. 
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ation  (Table  7).  Habitat  type  selected  was  sig- 
nificantly correlated  with  the  first  discriminant 
function  (r  = 0 JOS,  P < 0.05),  and  physical  pa- 
rameters such  as  body  temperature,  substrate 
temperature,  air  temperature,  and  incident  solar 
radiation  were  all  significantly  correlated  with 
the  second  discriminant  function.  The  correla- 
tion of  these  physical  variables  with  the  second 
function  can  be  explained  in  part  by  the  probable 
high  intercorrelation  between  these  parameters. 
The  second  function  explained  only  4.90%  of  the 
between-species  variation.  A plot  of  mean  func- 
tion scores  for  each  guild  member  for  the  first 
two  discriminant  functions  (Fig.  6)  graphically 
illustrates  the  differences  between  species  based 
on  the  predictor  variables.  Pardosa  tristis  and  P. 
uncata  had  the  highest  negative  and  positive 
loadings  on  the  first  discriminant  function,  re- 
spectively; an  indication  of  their  broad  differ- 
ences in  habitat  selection  and  diurnal  activity. 
The  low  loadings  on  both  discriminant  functions 
for  P.  tesquorum  and  P.  distinct  a indicate  the 
greater  range  of  distribution  among  the  habitats 
and  thus  variation  in  time  of  activity  for  these 
species.  Alopecosa  aculeata  was  similar  in  habitat 
preference  and  time  of  activity  to  P.  uncata  as 
indicated  in  Fig.  6. 

DISCUSSION 

The  concept  of  resource  partitioning  among 
closely  related  species,  one  facet  of  which  is  spa- 
tial segregation,  is  a central  concept  in  commu- 
nity ecology  (Pianka  1969;  Schoener  1971;  Mac- 
Arthur  1972).  Rivas  (1964)  found  that  several 
congeners  of  the  distincta  group  of  wandering 
spiders  are  typically  allopatric,  but  often  overlap 
in  syntopic  or  sympatric  associations.  In  this 
study,  guild  members  P.  distincta,  P.  tristis,  and 
P.  uncata  showed  a high  degree  of  habitat  selec- 
tivity (Fig.  2 and  Table  6).  Pardosa  distincta  was 
most  abundant  in  the  drier  and  more  open  rock- 
cobble  and  grass-willow  habitats.  This  is  consis- 
tent with  Lowrie’s  (1973)  observations  that 
members  of  the  distincta  group  commonly  occur 
in  open,  nonforested  habitats.  Pardosa  tristis,  the 
largest  species  in  the  genus,  is  widely  distributed 
geographically,  altitudinally,  and  ecologically,  and 
is  most  abundant  in  the  vicinity  of  water  (Lowrie 
1973).  This  guild  member  was  most  often  ob- 
served and  collected  in  the  rock-cobble  adjacent 
to  the  stream.  The  only  species  largely  restricted 
to  the  leaf  litter  was  P.  uncata.  Lowrie  (1973) 
found  P.  uncata  under  and  on  the  bark  of  fallen 


Table  7,— Frequencies  of  males  and  females  (species 
pooled)  by  habitat  from  visual  diurnal  searches  {n  = 
152).  RC  ==  rock-cobble,  GW  = grass-willow,  SC  = 
sand-cobble,  GL  = grass-litter,  LL  = leaf  litter. 


Sex 

RC 

Habitat 

GW  SC  GL 

LL 

To- 

tals 

P < 

Females 

44 

29 

1 

18 

30 

121 

0.001 

Males 

11 

4 

0 

6 

10 

31 

Females 
with  eggs 

10 

13 

0 

3 

0 

26 

0.05 

trees,  but  he  only  collected  this  species  within 
the  forest. 

The  higher  overall  ratio  of  males  to  females 
from  pitfall  collections  probably  reflects  the 
greater  activity  of  adult  males  as  they  search  for 
sexually  mature  females.  Peck  & Whitcomb 
(1978)  found  that  male  cursorial  spiders  in  a South 
Carolina  pasture  were  less  restricted  than  females 
to  any  one  habitat  because  of  increased  male 
vagility  during  periods  of  breeding.  The  higher 
ratio  of  females  to  males  visually  observed  dur- 
ing searches  of  each  habitat  can  be  attributed  to 
searches  conducted  in  late  July,  August,  and  Sep- 
tember, when  male  activity  was  markedly  re- 
duced. Adult  female  wolf  spiders  with  egg  cases 
were  more  frequently  observed  in  the  open  bare 
ground  habitats  (Table  6).  Kronk  & Riechert 
(1979)  found  that  adult  female  Lycosa  santrita 
utilized  patches  of  bare  ground  and  rock  more 
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Figure  6. —Plot  of  mean  discriminant  function  scores 
(functions  1 and  2)  for  the  five  most  abundant  guild 
members  based  on  visual  searches  of  five  discrete  hab- 
itats. TRS  = Pardosa  tristis,  TSQ  = Pardosa  tesquo- 
rum, DIS  = Pardosa  distincta,  ACU  = Alopecosa  acu- 
leata, UNC  = Pardosa  uncata. 
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frequently  than  either  sub-adult  females  or  adult 
males  of  this  species.  For  adult  female  wolf  spi- 
ders, the  open  bare  ground  habitats  may  provide 
a more  suitable  environment  for  mate  location 
and  thermoregulation  of  developing  eggs. 

Guild  species  richness  was  highest  in  the  two 
bare  ground  habitats  (rock-cobble  and  sand-cob- 
ble), each  with  high  diurnal  variation  in  physical 
parameters  (Table  1),  and  with  the  two  highest 
levels  of  prey  abundance.  The  more  guild  species 
represented  and  the  greater  abundance  of  lycosid 
spiders  in  the  open-canopy  habitats  (with  little 
or  no  leaf  litter),  could  be  attributed  to  greater 
prey  availability,  light  intensity,  and  more  suit- 
able substrate  in  these  habitats.  Wolf  spiders  are 
visually  oriented  “sit-and-wait”  predators  (Foe- 
lix  1982;  Riechert  & Luczak  1982),  and  the 
ground  surface  is  their  principal  habitat  (Lowrie 
1 973).  No  guild  members  were  observed  moving 
vertically  into  the  above-ground  vegetation.  Thus, 
more  open,  bare  habitats  with  sufficient  numbers 
of  available  prey  that  can  be  visually  located  more 
easily  would  lend  support  to  Pianka’s  (1974)  hy- 
pothesis that  more  productive  (in  this  case,  ar- 
thropod prey)  habitats  could  support  more  spe- 
cies of  foraging  animals. 

The  species  diversity  of  spiders  in  a number 
of  ecosystem  types  has  been  positively  correlated 
with  factors  such  as  litter  depth,  diversity  of  veg- 
etation, and  the  overall  structural  complexity  of 
the  habitat  (Uetz  1975;  Hatley  & MacMahon 
1980;  Abraham  1983).  However,  for  lycosid 
hunting  spiders,  species  diversity  and  individual 
species  abundance  is  often  higher  in  field  borders 
(Doane  & Dondale  1979)  and  disturbed  habitats 
such  as  strip-clearcuts  (Coyle  1981;  Jennings  et 
al.  1988).  The  higher  measures  of  guild  diversity 
(Table  3)  from  the  open  and  less  structurally 
complex  habitats  (rock-cobble  and  sand-cobble) 
would  seem  to  support  these  observations.  The 
relatively  small  diversity  values  (all  less  then  0.75) 
for  all  habitats  is  an  indication  of  generally  low 
species  equitability.  This  could  be  a result  of  re- 
source preemption  (Southwood  1978)  by  one  or 
more  of  the  dominant  or  more  abundant  guild 
members  such  as  F.  distinct  a in  the  grass- willow, 
P.  tesquorum  and  P.  tristis  in  the  rock-cobble, 
and  P.  uncata  in  the  leaf  litter  habitat. 

May  (1981)  suggested  that  models  of  species 
abundance  such  as  those  represented  by  rank 
abundance  plots  were  the  best  means  of  provid- 
ing accurate  measures  of  species  diversity.  The 
majority  of  communities  studied  by  ecologists 
follow  a log  normal  distribution  model  of  species 


abundance  (Sugihara  1980).  Magurran  (1988) 
emphasized  that  any  variable  under  the  influence 
of  the  random  variation  of  several  factors,  can 
result  in  that  variable  being  normally  distributed. 
None  of  the  species  rank  abundance  plots  dif- 
fered significantly  from  the  log  normal  model. 
The  best  fit  to  a log  normal  abundance  curve  of 
an  observed  frequency  distribution  was  for  the 
rock-cobble  habitat  (Fig.  3 and  Table  3),  where 
guild  species  diversity,  species  richness,  and  prey 
abundance  were  the  highest.  A large  component 
of  the  arthropod  community  in  a high-elevation 
riparian  system  in  which  air  temperature  and 
light  intensity  remain  relatively  low  during  the 
day,  possibly  at  limiting  levels,  may  find  the  more 
open,  bare  ground  habitats  optimal  during  pe- 
riods of  activity. 

The  low  value  of  proportional  similarity  for 
the  rock-cobble  and  leaf  litter  habitats  (Table  4) 
was  expected  given  the  diflferences  in  physical 
parameters,  prey  abundance,  and  the  relative 
abundance  of  guild  members  (particularly  F.  un- 
cata, and  F.  tesquorum)  between  these  habitats. 
The  high  proportional  similarity  {PS  =82.4)  be- 
tween the  leaf  litter  and  grass-litter  habitats  is 
largely  the  result  of  a high  degree  of  habitat  se- 
lectively displayed  by  F.  uncata  for  these  habi- 
tats. 

As  expected,  the  highest  correlations  between 
air  temperature,  incident  solar  radiation  and 
mean  abundance  (species  pooled)  were  for  the 
more  open-canopied  rock-cobble  and  sand-cob- 
ble habitats  (Table  5),  with  the  lower  correlations 
noted  for  the  closed-canopied  grass-litter  and  leaf 
litter  habitats.  The  small  coefficient  of  correla- 
tion between  spider  abundance  and  prey  abun- 
dance in  the  rock-cobble  can  be  explained  by  the 
drop  in  spider  activity  after  a midsummer  peak 
in  activity  (Fig.  1),  and  a continued  high  number 
of  arthropod  prey  in  pitfall  collections  through 
September.  The  extremely  small  coefficient  of 
correlation  (r  = 0.01)  between  prey  and  spider 
abundance  in  the  leaf  litter  habitat  could  be  at- 
tributed to  low  arthropod  diversity  (at  least  those 
defined  as  available  prey)  in  a habitat  with  little 
or  no  understory  production.  Bultman  et  al. 
(1982)  studied  spider  assemblages  along  a suc- 
cessional  gradient,  and  found  that  spider  species 
diversity  decreased  in  a mature  beech-maple  for- 
est, presumably  with  minimal  understory. 

The  species  diversity  of  wandering  spiders  was 
found  to  be  proportional  to  an  increase  in  litter 
depth  along  a successional  gradient  (Huhta  1 965). 
In  a similar  study,  both  the  total  abundance  of 
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spiders  and  spider  species  diversity  increased  in 
the  deep  leaf  litter  of  a mature  forest  (Uetz  1 979). 
The  low  positive  correlation  between  spider 
abundance  and  prey  abundance  in  the  leaf  litter 
habitat  may  be  an  indication  that  pitfall  trapping 
is  not  the  best  means  for  measuring  spider  den- 
sity in  a habitat  with  a vertical  dimension  pro- 
vided by  leaf  litter.  This  vertical  habitat  dimen- 
sion may  account  for  less  lateral  movement  by 
wolf  spiders,  and  thus  a reduction  in  pitfall  rates 
of  capture.  Peck  & Whitcomb  (1978)  suggested 
that  pitfall  trapping  bias  can  be  minimized  by 
trapping  over  longer  periods  and  pooling  the  re- 
sults. 

The  early  diurnal  times  of  activity  for  P.  tristis 
and  P.  distincta  (Fig.  4)  in  the  streamside  habitats 
(rock-cobble  and  grass-willow)  were  probably  a 
function  of  higher  air  temperatures,  substrate 
temperatures,  and  light  intensities  much  earlier 
in  the  day  in  these  habitats.  On  several  occasions, 
adult  P.  tristis  were  observed  on  the  top  surface 
of  rocks  at  0800  h,  during  midsummer,  when  air 
temperatures  were  as  low  as  3-5  °C.  The  negative 
correlation  between  overall  activity  and  incident 
solar  radiation  is  an  indication  of  the  extremely 
high  light  intensities  (maximum  of  8 100  f c.)  and 
substrate  (rock  surface)  temperatures  (maximum 
of  35.4  ®C)  characteristic  of  the  rock-cobble  in 
mid-afternoon.  Riechert  & Tracy  (1975)  and 
Riechert  (1976)  have  shown  that  spiders  will 
avoid  thermal  stress  by  selecting  more  thermally 
favorable  microenvironments  in  order  to  max- 
imize feeding  activity.  Several  personal  obser- 
vations suggest  that  individuals  of  P.  tristis  were 
thermoregulating  by  moving  to  the  top  surface 
of  rocks  in  the  morning  and  retreating  to  the 
underside  of  rocks  in  the  afternoon.  The  more 
continual  diurnal  activity  of  P.  uncata  was  pre- 
dictable given  this  species  association  with  the 
less  physically  extreme  (Table  1)  grass-litter  and 
leaf  litter  habitats.  Pardosa  distincta  was  also  ac- 
tive through  the  afternoon,  which  could  be  at- 
tributed to  the  availability  of  cover  or  retreats  in 
the  structurally  more  complex  habitats  of  the 
grass-willow  and  grass-litter  habitats.  These  re- 
treats would  allow  the  spiders  to  avoid  light  and 
temperature  extremes  in  these  open  habitats  at 
midday.  Individuals  of  this  species  were  often 
observed  in  large  numbers  on  and  in  the  vicinity 
of  large  ant  colony  mounds.  Incident  solar  ra- 
diation was  limiting  to  spider  activity  as  it  in- 
creased to  high  levels  during  the  day  in  the  more 
open  habitats,  and  was  probably  limiting,  with 
associated  low  air  and  substrate  temperatures,  in 


the  more  closed-canopied  habitats  until  light  in- 
tensity increased  to  optimal  levels  in  the  late 
morning  and  early  afternoon  (Fig.  5). 

Results  from  the  visual  searches  of  habitats 
were  consistent  with  monthly  pitfall  collections 
for  the  five  dominant  or  most  abundant  guild 
members  {P.  tristis,  P.  distincta,  P.  tesquorum, 
P.  uncata,  and  A.  aculeata)  indicating  that  these 
species  were  spatially  segregating  among  habi- 
tats. In  addition,  the  visual  searches  suggested 
that  habitat  type  (substrate)  selected  and  the  time 
of  diurnal  activity  best  distinguished  between  the 
five  dominant  guild  members  (Table  8 and  Fig. 
6).  In  addition  to  studies  focusing  on  interspecific 
differences,  intraspecific  variation  in  spatial  and 
temporal  partitioning  of  habitats  by  wandering 
spiders  should  receive  more  attention.  Kronk  & 
Riechert  (1979)  addressed  intraspecific  differ- 
ences in  habitat  choice  and  diurnal  time  of  ac- 
tivity of  the  wolf  spider  Lycosa  santrita  Cham- 
berlin & Ivie  in  a desert  riparian  habitat.  They 
found  that  penultimate  and  adult  males  of  this 
species  differed  in  preference  for  substrate  types 
(i.  e.,  bare  ground,  leaf  litter,  grass,  or  rock). 

While  causal  evidence  is  lacking,  results  of  this 
study  suggest  that  among  members  of  a small 
guild  of  cursorial  wolf  spiders  with  similar  if  not 
identical  methods  of  hunting,  species  tend  to  seg- 
regate spatially  among  discrete  riparian  habitats 
and  are  diumally  active  at  different  times  of  the 
day  within  their  “preferred”  habitats.  Peak  sea- 
sonal activity  occurred  during  midsummer  (July) 
for  all  guild  species,  with  males  more  abundant 
in  May  and  June  collections  and  less  frequent  in 
samples  from  September  and  October.  The  mid- 
summer peak  of  activity  for  all  eight  guild  mem- 
bers is  typical  for  temperate  arthropod  com- 
munities (Evans  & Murdoch  1968;  Root  1973). 
This  measured  increase  in  activity  was  in  part  a 
result  of  the  abundance  of  males  in  collections 
during  this  period. 

More  information  on  the  sympatric  or  syn- 
topic  associations  of  wandering  spiders  from  pit- 
fall  trapping  and  analyses  of  microhabitat  selec- 
tion is  needed  (Lowrie  1973),  particularly  in 
undisturbed  systems  such  as  riparian  zones  that 
are  subject  to  agricultural  and  recreational  de- 
velopment along  with  other  types  of  habitat  al- 
teration. 
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ABSTRACT.  A cladistic  analysis  of  the  1 1 species  of  the  antrodiaetid  trapdoor  spider  genus  Aiiatypus  generally 
supports  the  phylogeny  proposed  by  Coyle  (1974)  but  resolves  the  polytomy  of  the  four  erebus  group  species 
and  suggests  that  A.  thompsoni  is  the  sister  of  the  five  californicus  group  species. 


So  many  advances  in  phylogenetic  analysis 
have  been  made  since  I proposed  the  first  phy- 
logeny for  the  Californian  trapdoor  spider  genus 
Aiiatypus  (Coyle  1974)  that  I believe  it  is  now 
appropriate  to  test  that  phylogeny  with  a more 
rigorous  cladistic  analysis.  Moreover,  I have  dis- 
covered several  phylogenetically  useful  morpho- 
logical and  behavioral  characters  not  used  in  that 
first  analysis. 

Relationships  of  Aiiatypus.  —Coyle  (1971, 
1974)  believed  that  the  monophyly  of  the  family 
Antrodiaetidae  was  arguable  and  even  suggested 
that  the  mecicobothriids,  rather  than  Antrodiae- 
tus  plus  Atypoides,  might  be  the  sister  group  of 
Aiiatypus.  Five  putative  synapomorphies  have 
been  proposed  to  support  the  hypothesis  that  the 
family  Antrodiaetidae  (composed  of  Antrodiae- 
tus,  Atypoides,  and  Aiiatypus)  is  monophyletic: 
1 ) an  inner  conductor  sclerite  (Coyle  1971;  Eskov 
& Zonshtein  1990),  2)  absence  of  teeth  on  the 
median  tarsal  claw  (Raven  1985;  Golobolf  1993), 
3)  fovea  a non-transverse  or  longitudinal  pit  or 
absent  (Raven  1985;  Golobolf  1 993),  4)  posterior 
lateral  spinnerets  (PLS)  with  three  articles  (Eskov 
& Zonshtein  1990),  and  5)  rastellum  (Golobolf 
1993).  Synapomorphy  4 must  be  rejected  be- 
cause most  atypids,  which  are  generally  held  to 
be  the  sister  group  of  the  antrodiaetids  (Raven 
1985;  Coddington  & Levi  1991;  Golobolf  1993), 
have  three  PLS  articles,  and  those  atypid  species 
with  four  articles  as  adults  have  three  in  an  early 
instar  (Schwendinger  1990).  The  other  four  pu- 
tative synapomorphies  appear  in  other  families 
as  well;  character  states  2 and  5 are  each  found 
in  several  other  families,  state  3 may  also  occur 
in  the  mecicobothriids  and  some  diplurids,  and 
state  1 is  found  in  some  mecicobothriid  species. 
Therefore,  although  all  important  studies  of  my- 


galomorph  family  relationships  within  the  last 
decade  agree  that  the  antrodiaetids  are  mono- 
phyletic, the  few  proposed  synapomorphies  are 
all  homoplasies.  Another  possible  antrodiaetid 
autapomorphy  is  the  presence  in  all  three  genera 
of  a single  spigot  on  each  PLS  of  the  first  instar 
spiderling  (Bond  1994;  Coyle  & Icenogle  1994; 
Coyle  pers.  obs.).  Yoshikura  (1958)  remarked 
that  there  are  no  spigots  on  first  instar  Atypus 
karschi  spiderlings,  but  further  study  of  this  char- 
acter in  atypids  and  other  taxa  is  required  to 
assess  its  phylogenetic  value. 

The  current  consensus  is  that  Antrodiaetus  plus 
Atypoides  is  the  sister  group  of  Aiiatypus  (Raven 
1985;  Eskov  & Zonshtein  1990;  Golobolf  1993). 
The  monophyly  of  Antrodiaetus  and  Atypoides 
is  supported  by  the  following  three  synapomor- 
phies: 1)  fovea  longitudinal;  2)  slight  or  pro- 
nounced anterodorsal  process  on  male  chelicer- 
ae;  3)  inner  conductor  sclerite  strongly  devel- 
oped, surrounds  embolus,  and  its  tip  distinctly 
separate  from  tip  of  outer  conductor  sclerite.  The 
status  of  another  synapomorphy  cited  by  Raven 
(1985),  the  reduction  of  the  anterior  lateral  spin- 
nerets (ALS),  is  problematic.  The  ALS  of  Aty- 
poides species  appear  to  be  as  well  developed  as 
those  of  atypids;  at  least  some  atypids  lack  ALS 
spigots  while  many  individuals  of  Atypoides  riv- 
ersi  have  one  ALS  spigot  (Coyle  1968). 

Monophyly  of  —Whether  one  uses 

the  atypids  alone  (Raven  1985;  Coddington  & 
Levi  1991;  Golobolf  1993)  or  the  atypids  plus 
mecicobothriids  (Eskov  & Zonshtein  1990)  as 
the  outgroup  of  antrodiaetids,  several  synapo- 
morphies support  the  monophyly  of  Aiiatypus  as 
defined  by  Coyle  (1974):  1 ) two  rows  of  cheliceral 
teeth,  one  prolateral  and  one  retrolateral;  2)  male 
pedipalp  patella  elongate;  3)  no  pseudo-segmen- 
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tation  on  male  tarsi;  4)  trapdoor  entrance;  and 
5)  pendulous  egg  sac  which  occludes  burrow  lu- 
men. 

CHARACTERS  AND  METHODS 

Although  nine  of  the  1 8 morphological  char- 
acters used  in  this  analysis  were  employed  in 
Coyle’s  (1974)  earlier  phylogenetic  analysis,  some 
of  these  have  been  redefined  and  quantified.  The 
nine  morphological  characters  used  here  for  the 
first  time  were  chosen  after  careful  searching 
through  the  diagnoses  and  quantitative  character 
tables  in  Coyle  (1974)  for  character  states  which 
distinguish  two  or  more  species  from  the  rest. 
Twelve  characters  are  either  measurements  or 
diagnostically  useful  ratios  derived  from  mea- 
surements and  meristic  characters.  The  five  be- 
havioral/ecological characters  are  from  Coyle  & 
Icenogle  (1994).  Characters  autapomorphic  for 
single  species  were  not  included  in  the  analysis 
since  they  provide  no  information  on  relation- 
ships. MacClade  version  3.0  (Maddison  & Mad- 
dison  1992)  was  used  to  analyze  character  evo- 
lution and  find  the  shortest  trees. 

Character  states.— I have  used  Antrodiaetus 
plmAtypoides  as  the  outgroup  to  determine  char- 
acter state  polarities.  In  the  list  of  characters  that 
follows,  the  first  state  mentioned  for  each  char- 
acter is  the  plesiomorphic  state  (exhibited  by  both 
Antrodiaetus  and  Atypoides),  except  for  charac- 
ters 21 -1 3 where  the  polarity  is  unknown.  Every 
character  is  treated  as  unordered  except  for  four 
of  the  multistate  characters  (4,  10,  12,  and  14), 
which  were  ordered.  The  other  two  multistate 
characters  (9  and  1 3)  were  not  ordered  because 
each  of  the  two  derived  states  is  as  similar  or 
more  similar  to  the  ancestral  state  than  to  the 
other  derived  state.  (If  these  two  characters  are 
ordered,  the  shortest  tree  is  longer  but  its  form 
is  unchanged.)  See  Coyle  (1974)  for  definitions 
of  measurement  characters  and  for  drawings  of 
many  of  these  character  states.  CL  is  carapace 
length,  AMD  the  transverse  diameter  of  an  an- 
terior median  eye  pupil,  PSL  the  maximum  di- 
ameter of  a posterior  sigillum,  PSS  the  distance 
between  the  posterior  sigilla,  CMT  the  number 
of  microteeth  on  a chelicera,  PTL  palpal  tibia 
length,  PTT  palpal  tibia  maximum  diameter,  IFL 
femur  I length,  ITL  tibia  I length,  IML  metatar- 
sus I length,  ITarL  tarsus  I length,  and  IVTL  tibia 
IV  length. 

1)  Outer  conductor  sclerite  (OCS)  of  the  palpal 
organ  serrate;  not  serrate.  2)  Receptaculum  sem- 
inis  of  palpal  organ  loosely  looped;  tightly  looped. 


3)  Spermathecal  stalks  straight;  sinuous,  4)  Male 
palpal  tibia  not  expanded  distally;  expanded  dis- 
tally  (mean  PTT/PTL  ^ 0.18-0.27);  greatly  ex- 
panded distally  (0.39-43.40).  5)  Live  in  places  with 
cold  (snowy)  winters;  mild  (rainy)  winters.  6) 
Outer  conductor  sclerite  (OCS)  without  keel;  keel 
present.  7)  Female  tibia  IV  proportionally  long 
(mean  CL/IVTL  = 2.52-2.67);  proportionally 
short  (2.9 1-3.22)  (Fig.  1).  8)  Female  femur  I pro- 
portionally long  (mean  CL/IFL  ^ 1.39-1.56); 
proportionally  short  (1.64-1.88)  (Fig.  2).  9)  Pos- 
terior sigilla  small  and  far  apart  (mean  PSL/PSS 
= 0.22-0.42);  large  and  moderately  close  (0.82- 
1.30);  large  and  very  close  (2.13)  (Fig.  3).  10) 
Male  tibia  I proportionally  long  (mean  CL/ITL 
= 1.38-1.66);  proportionally  short  (1.81-1.85); 
proportionally  very  short  (2.16-2.18)  (Fig.  4). 
11)  Cheliceral  microteeth  (CMT)  relatively  nu- 
merous (mean  CL/CMT  ^ 0.32-0.52);  relatively 
few  (0.88-0.94).  12)  Silk  lining  of  burrow  thin; 
moderately  thick;  thick.  13)  Male  metatarsus  I 
of  medium  length  (mean  CL/IML  = 1.41-1.70); 
proportionally  long  (1.14);  proportionally  short 
(1.92-1.95)  (Fig.  5).  1 4)  Spermathecal  stalks  very 
short  relative  to  bulb  diameter;  medium  length 
relative  to  bulb  diameter;  very  long  relative  to 
bulb  diameter.  1 5)  Spermathecal  stalks  as  wide 
distally  as  at  base;  narrowed  distally  (tapered). 
1 6)  Length  of  male  metatarsus  I short  relative  to 
tarsus  (mean  IML/ITarL  = 1.61-1.89);  long  rel- 
ative to  tarsus  (2.10-2.14).  17)  Inner  conductor 
sclerite  (ICS)  without  keel;  keel  present.  1 8)  Door 
relatively  thin  and  semi-rigid;  relatively  thick  and 
rigid.  19)  Body  size  large  (mean  female  CL  = 
5. 7-7. 8);  small  (3. 8-4. 4).  20)  Anterior  median 
eyes  proportionally  small  (mean  female  CL/ AMD 
= 39-51);  proportionally  large  (28-33).  21)  Door 
proportionally  broad  (mean  door  shape  index  = 
1.42-1.66);  proportionally  narrow  (1.18-1.28) 
(polarity  not  assigned  because  outgroup  does  not 
make  trapdoors)  (Fig.  6).  Door  shape  index  == 
width/height.  22)  Usually  inhabit  gentle  slopes; 
steep  slopes  (polarity  not  assigned  because  out- 
group exhibits  both  states).  23)  Distance  from 
base  of  embolus  to  tip  of  conductor  (FED)  rel- 
atively large  (mean  CL/PED  = 3. 7-4. 3);  rela- 
tively small  (5. 1-5.3)  (polarity  not  assigned  be- 
cause FED  not  recorded  for  outgroup). 

The  distribution  of  these  character  states  among 
the  species  of  Aliatypus  is  shown  in  Fig.  7. 

RESULTS  AND  DISCUSSION 

The  shortest  tree  (length  (TL)  = 42,  consisten- 
cy index  (Cl)  = 0.69,  retention  index  (RI)  = 0.77) 
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Figures  1-3. —Diagrams  compariEg  quantitative  character  values  of  Aiiatypm  species.  Horizontal  bar  repre- 
sents the  range,  vertical  bar  the  mean,  and  box  the  standard  deviation  (if  sample  size  greater  than  5).  Sample 
size  given  next  to  species  name.  1,  female  CL/IVTL;  2,  female  CL/IFL;  3,  female  PSL/PSS. 
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Figures  4-6.— Diagrams  comparing  quantitative  character  values  of  Aliatypus  species.  Horizontal  bar  repre- 
sents the  range,  vertical  bar  the  mean,  and  box  the  standard  deviation  (if  sample  size  greater  than  5).  Sample 
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23.  CL/PED  large  vs  smaU 
22.  gentle  vs.  steep  slopes 
21.  door  broad  vs.  narrow 
20.  AMEs  relatively  large 
19.  smaU  body 

18.  door  relat.  thick  and  rigid 
17.  ICS  keel  present 
16.  M IML/ITarL  high 
15.  spermath.  stalks  tapered 
14.  stalk  L/bulb  D med.  (large) 
13.  M mtar.  I rel.  long  (short) 
12.  sUk  Un.  mod.  thick  (very) 
11.  relatively  few  CMT 
10.  M tib.  I rel.  short  (very) 

9.  post.  sig.  large  (&  very  close) 
8.  F fern.  I relatively  short 
7.  F tib.  IV  relatively  short 
6.  OCS  keel  present 
5.  Uve  where  winters  are  mUd 
4.  M p.  tib.  expand,  dist.  (very) 
3.  spermathecal  stalks  sinuous 
2.  recep.  sem.  tightly  looped 
1.  OCS  not  serrate 


Figure  7.— Most  parsimonious  cladogram  of  Aliatypus  species.  Apomorphic  states  described  and  designated 
by  black  boxes,  plesiomorphic  states  by  open  boxes.  M = male,  F = female.  For  triple-state  characters  (4,  9, 
10,  and  12--14),  the  first  described  apomorphic  state  (not  in  parentheses)  is  designated  by  grey  (stipples),  and 
the  other  apomorphic  state  (in  parentheses)  by  black.  For  those  characters  of  unknown  polarity  (21-23),  the 
first  state  described  is  designated  by  vertical  lines,  the  second  by  horizontal  lines. 


without  polytomies  is  presented  in  Fig.  7.  That 
this  is  the  shortest  tree  was  independently  con- 
firmed by  N.  Platnick  and  P.  Goloboff  on 
Hennig86  (Farris  1988)  and  NONA  (Goloboff 
pers.  comm.),  respectively.  The  several  next-most 
parsimonious  non-polytomous  cladograms  (TL 
= 43,  Cl  = 0.67,  RI  = 0.75)  have  the  same  form 
as  the  shortest  tree  except  for  various  rearrange- 
ments within  the  clade  containing  A,  thompsoni 


and  the  five  californicus  group  species  {A.  cali~ 
fornicus,  A.  gnomus,  A.  aquilonius,  A.  janus,  and 
A.  isolatus). 

Aliatypus  gulosus  is  clearly  the  most  plesiom- 
orphic species,  with  all  ten  of  the  other  species 
forming  a sister  clade  defined  by  synapomor- 
phies  1-4.  The  monophyly  of  the  erebus  group 
clade  {A.  erebus,  A.  trophonius,  A.  plutonis,  and 
A.  torridus)  is  supported  by  synapomorphies  6-- 
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10  and  by  shared  states  of  the  non-polarized 
characters  21  and  22.  Of  these  putative  syna- 
pomorphies,  only  9,  10,  and  22  are  unambigu- 
ously synapomorphic  when  character  state 
changes  are  optimized  (by  parsimoniously  as- 
signing states  to  the  internal  nodes  of  the  tree). 
The  sister  group  relationship  of  erebus  and  A. 
trophonius  is  supported  by  synapomorphies  4, 
10,  12,  and  13,  and  that  of  A.  plutonis  and  A. 
torridus  by  synapomorphy  1 1 . 

The  monophyly  of  the  californicus  group  is 
much  less  strongly  supported  than  that  of  the 
erebus  group.  Only  character  7 provides  a pu- 
tative synapomorphy  (optimization  indicates  it 
is  a reversal).  Within  this  clade,  A.  aquilonius, 
A.  janus,  and  A.  isolatus  are  united  by  synapo- 
morphy 1 5,  and  A.  janus  and  A.  isolatus  are  unit- 
ed by  synapomorphies  5 and  16,  synapomorphy 
5 (living  in  habitats  with  cold  winters)  being  a 
primitive  antrodiaetid  trait  which  evidently 
reappeared  in  the  immediate  common  ancestor 
of  these  two  species.  The  sister-group  relation- 
ship of  A.  californicus  and  A.  gnomus  is  sup- 
ported by  synapomorphy  17. 

The  primary  unresolved  issue  in  the  original 
Aliatypus  phylogeny  (Coyle  1974)  was  the  rela- 
tionship of  A.  thompsoni.  The  current  analysis 
indicates  that  A.  thompsoni  is  more  closely  re- 
lated to  the  californicus  group  than  to  the  erebus 
group.  Synapomorphy  14  (long  spermathecal 
stalks  relative  to  bulb  size)  and  unpolarized  char- 
acter 2 1 (door  shape)  support  this  hypothesis  (re- 
versal synapomorphy  8 is  ambiguous).  Only  syn- 
apomorphy 6 (synapomorphy  7 is  ambiguous) 
supports  the  alternate  hypothesis  that  A.  thomp- 
soni is  more  closely  related  to  the  erebus  group. 
Clearly  the  relatively  long  male  metatarsus  I 
(character  13)  is  autapomorphic  for  A.  thomp- 
soni, as  are  two  character  states  not  used  in  this 
analysis:  fovea  shallow  or  absent,  and  the  pres- 
ence of  only  short  macrosetae  and  strongly  ad- 
pressed  background  setae  on  the  tibia  and  meta- 
tarsus of  male  leg  I.  I also  interpret  this  species’ 
especially  close-spaced  posterior  sigilla  (charac- 
ter 9)  to  be  an  autapomorphy,  even  though  sim- 
ilar in  size  to  the  proportionally  large  posterior 
sigilla  of  the  erebus  group  species. 

It  is  important  to  point  out  that  changes  in  the 
definitions  and  assumptions  for  only  a few  char- 
acters would  favor  the  alternative  hypothesis  that 
A.  thompsoni  is  sister  to  the  erebus  group.  If  char- 
acter 9 is  reinterpreted  to  comprise  only  two  states 
(posterior  sigilla  small  and  far  apart  vs.  large  and 
close)  and  if  character  14  is  treated  as  unordered, 


then  the  two  hypotheses  (A.  thompsoni  is  sister 
to  the  californicus  group,  or  to  the  erebus  group) 
are  equally  parsimonious  (TL  = 41,  Cl  = 0.68, 
RI  = 0.76).  If,  in  addition  to  these  changes,  be- 
havioral character  21  (door  shape)  were  un- 
known, the  single  shortest  resulting  tree  would 
place  A.  thompsoni  as  the  sister  of  the  erebus 
group. 

The  shortest  tree  (Fig.  7)  contains  1 1 homo- 
plasies  (in  characters  6-8, 14, 1 6,  1 8-20,  and  23), 
four  of  which  involve  A.  thompsoni  (apomor- 
phies  6,  7,  16,  and  18).  The  most  frequent  ho- 
moplasy  is  the  evolution  of  small  body  size  (char- 
acter 19),  which  has  evidently  arisen  in  three 
different  lineages. 

Although  I was  careful  to  select  only  those 
quantitative  characters  with  marked  disconti- 
nuities separating  clusters  of  species,  the  desig- 
nation of  character  states  in  one  of  these,  char- 
acter 10,  is  somewhat  arbitrary  (Fig.  4).  Fortu- 
nately, alternate  character  coding  which  could 
result  from  this  arbitrariness  (assigning  A. 
thompsoni,  or  A.  thompsoni  and  A.  gulosus,  to  a 
third  derived  character  state  defined  as  “male 
tibia  I especially  long”)  does  not  change  the  form 
of  the  shortest  tree,  but  only  lengthens  it. 

In  conclusion,  this  cladistic  analysis  supports, 
in  general,  the  original  phylogeny  (Coyle  1974), 
which  was  developed  via  a semi-cladistic  anal- 
ysis using  fewer  characters.  The  new  phylogeny 
is  similar  to  the  old  except  that  it  resolves  the 
polytomy  in  the  erebus  group  and  roots  A. 
thompsoni  to  the  stem  of  the  californicus  group. 

ACKNOWLEDGMENTS 

I thank  Pablo  Goloboff  and  Norman  Platnick  for 
their  helpful  analysis  and  criticism.  Collection 
and  preliminary  analysis  of  the  character  data 
used  in  this  study  was  supported  by  National 
Science  Foundation  grant  GB-34128, 

LITERATURE  CITED 

Bond,  J.  E.  1994.  Seta-spigot  homology  and  silk 
production  in  first  insidiV  Antrodiaetus  unicolor  spi- 
derlings  (Araneae:  Antrodiaetidae).  J.  Arachnol.,  22: 
19-22. 

Coddington,  J.  A.  8l  H.  W.  Levi.  1991.  Systematics 
and  evolution  of  spiders  (Araneae).  Aimu.  Rev.  Ecol. 
Syst,  22:565-592. 

Coyle,  F.  A.  1968.  The  mygalomorph  spider  genus 
Atypoides  (Araneae:  Antrodiaetidae).  Psyche,  75: 
157-194. 

Coyle,  F.  A.  1971.  Systematics  and  natural  history 
of  the  mygalomorph  spider  genus  Antrodiaetus  and 


224 


THE  JOURNAL  OF  ARACHNOLOGY 


related  genera  (Araneae:  Antrodiaetidae).  Bull.  Mus. 
Comp.  ZooL,  141:269-=402. 

Coyle,  F.  A.  1974.  Systematics  of  the  trapdoor  spi- 
der genus  Aliatypus  (Araneae:  Antrodiaetidae).  Psy- 
che, 81:431-500. 

Coyle,  F.  A.  & W.  R.  Icenogle.  1994.  Natural  his- 
tory of  the  Californian  trapdoor  spider  genus  Alia- 
typus  (Araneae,  Antrodiaetidae).  J.  ArachnoL,  22: 
225-255. 

Eskov,  K.  & S.  Zonshtein.  1990.  First  Mesozoic 
mygalomorph  spiders  from  the  Lower  Cretaceous 
of  Siberia  and  Mongolia,  with  notes  on  the  system 
and  evolution  of  the  infraorder  Mygalomorphae 
(Chelicerata:  Araneae).  N.  Jb.  Geol.  Palaont.  Abh., 
178:325-368. 

Farris,  J.  S.  1988.  Hennig86,  version  1.5.  Published 
by  the  author,  Port  Jefferson  Station,  New  York. 

Goloboff,  P.  A.  1 993.  A reanalysis  of  mygalomorph 


spider  families  (Araneae).  American  Mus.  Novit., 
(3056):  1-32. 

Maddison,  W.  P.  & D.  R.  Maddison.  1992.  Mac™ 
Clade:  Analysis  of  phylogeny  and  character  evolu- 
tion. Version  3.0.  Sinauer  Assoc.,  Sunderland,  Mas- 
sachusetts. 

Raven,  R.  J.  1985.  The  spider  infraorder  Mygalo- 
morphae (Araneae):  cladistics  and  systematics.  Bull, 
American  Mus.  Nat.  Hist,  182:1-180. 

Schwendinger,  P.  J.  1990.  A synopsis  of  the  genus 
Atypus  (Araneae,  Atypidae).  ZooL  Scripta,  19:353™ 
366. 

Yoshikura,  M.  1958.  On  the  development  of  a 
purseweb  spider,  Atypus  karschi  Donitz.  Kuma- 
moto J.  Sci.,  Set  B,  3:73-86. 

Manuscript  received  14  October  1994,  revised  6 No- 
vember 1994. 


1994.  The  Journal  of  Arachnology  22:225-255 


NATURAL  HISTORY  OF  THE  CALIFORNIAN  TRAPDOOR 
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ABSTRACT.  The  antrodiaetid  trapdoor  spider  genus  Aliatypus  is  found  in  a wide  range  of  elevations  and 
habitats,  nearly  all  of  which  experience  the  summer  drought  characteristic  of  the  California  Mediterranean 
climate.  All  eleven  species  prefer  sheltered,  stable,  and  sloping  ground  surfaces.  Burrows  tend  to  be  clustered, 
sometimes  very  densely,  in  favorable  sites  and  are  often  side-by-side  with  those  of  non-congeneric  mygalomorphs. 
Burrows  penetrate  more  or  less  perpendicular  to  the  ground  surface  plane,  are  usually  more  nearly  horizontal 
and  slightly  wider  at  the  upper  and  lower  ends,  and  are  lined  with  silk  and  a packed  soil  casing.  The  shape  of 
the  wafer-type  trapdoor  is  relatively  constant  within  each  species  and  differs  markedly  from  one  species  group 
to  another.  Aliatypus  trapdoor  construction  behavior  differs  from  the  collar-door  construction  behavior  of 
Antrodiaetus  only  by  a simple  orientation  rule.  Entrance  sealing  with  silk  or  silk  plus  soil  plugs  is  common  in 
at  least  some  species  during  the  dry  summer.  For  nearly  all  species,  male  emergence,  mating,  and  spiderling 
dispersal  occur  during  the  wet  fall  or  winter  period.  Females  oviposit  in  the  summer.  The  pendulous  egg  sac  is 
placed  in  the  burrow  bottom.  Clutch  size  varies  from  8-267;  small-bodied  species  have  smaller  clutches  than 
large-bodied  species.  Prey  capture  resembles  that  of  Antrodiaetus  but  is  constrained  by  the  trapdoor  hinge. 
Hypotheses  are  presented  regarding  the  selective  advantage  of  various  traits.  It  is  postulated  that  a simple  genetic 
change  causing  a shift  from  collar-door  to  trapdoor  construction  was  a key  evolutionary  event  permitting  the 
adaptive  shift  of  the  pvoXo-Aliatypus  lineage  into  the  summer-drought  niche  which  its  collar-door-building  sister 
taxa  are  not  able  to  exploit. 


The  mygalomorph  trapdoor  spider  genus  Al- 
iatypus consists  of  eleven  described  species,  ten 
living  in  California  and  the  adjacent  edge  of  Ne- 
vada and  one  living  in  Arizona  (Fig.  1)  (Coyle 
1974).  This  is  one  of  the  most  diverse  and  abun- 
dant of  the  remarkably  numerous  burrow-dwell- 
ing mygalomorph  spider  genera  living  in  the  Cal- 
ifornia floristic  province.  Aliatypus  species  live 
in  ravine  and  road  banks  and  other  slopes  in  a 
remarkable  variety  of  elevations,  climates,  and 
habitats  ranging  from  hot  dry  creosote  bush  scrub 
communities  to  cool  montane  red  fir  forests  and 
wet  coast  redwood  forests. 

Aliatypus  is  most  closely  related  to  the  collar- 
door  and  turret  spiders  of  the  genera  Antrodiae- 
tus and  Atypoides,  which  together  with  Aliatypus 
constitute  the  Antrodiaetidae,  a family  whose 
most  probable  sister  groups  (Atypidae  and  Me- 
cicobothriidae,  see  Coyle  1971,  1974,  1994;  Ra- 
ven 1985;  Eskov  & Zonshtein  1990;  Coddington 
8l  Levi  1991;  Goloboff  1993)  lack  trapdoor- 
building species.  Consequently,  some  of  the  spe- 
cializations shares  with  other  trapdoor- 

building mygalomorphs  in  the  Ctenizidae,  Idiop- 


idae,  Cyrtaucheniidae,  and  other  families  are  the 
result  of  parallel  or  convergent  evolution. 

Nearly  all  of  the  data  we  present  herein  were 
gathered  by  us  before  1974.  It  was  our  intention 
to  publish  these  Aliatypus  natural  history  obser- 
vations shortly  after  the  revision  of  the  genus 
was  published  some  20  years  ago  (Coyle  1974). 
Regrettably,  other  projects  have  prevented  us 
from  completing  this  goal  until  now.  To  conserve 
print  and  emphasize  the  comparative  approach, 
we  will  not  present  detailed  descriptions  of  the 
natural  history  of  each  species  as  was  done  for 
Antrodiaetus  and  Atypoides  (Coyle  1971),  but  will 
instead  present  an  overview  of  the  natural  his- 
tory of  the  genus,  calling  attention  to  any  species 
or  populations  which  are  exceptional,  and  sum- 
marizing important  data  for  each  species  in  ta- 
bles and  figures.  We  have  tried  to  arrange  the 
many  topics  logically,  label  them  clearly,  and 
combine  observations  with  discussion  while 
making  it  clear  which  is  which. 

This  paper,  although  greatly  increasing  what 
is  known  about  the  biology  of  this  neglected  ge- 
nus (Smith  1908;  Coyle  1971,  1986a;  Gertsch 
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Figure  1.  — Map  of  California,  Arizona,  and  Nevada  showing  approximate  known  distribution  ranges  of  the 
species  of  Aliatypus. 


1979),  should  be  considered  only  a beginning,  a 
foundation  of  observations  and  hypotheses  which 
will,  we  hope,  focus  more  attention  on  these  fas- 
cinating spiders.  There  are  a number  of  unre- 
solved taxonomic  problems  which  deserve  closer 
study  in  Aliatypus;  five  species  (A.  gulosus,  A. 
californicus,  A.  janus,  A.  thompsoni,  and  A.  er- 
ebus)  exhibit  particularly  marked  geographic 
variation  involving  some  populations  which  may 
deserve  to  be  recognized  as  separate  species  (Coyle 
1974).  This  paper  should  be  useful  to  researchers 
clarifying  these  issues  and  others  regarding  the 
evolutionary  history  of  the  genus.  For  example, 
some  of  the  behavioral/ecological  characters  we 
describe  herein  have  been  used,  along  with  mor- 
phological characters,  in  a modem  cladistic  anal- 
ysis of  Aliatypus  species  relationships  (Coyle 
1994)  which  supports  and  refines  the  phylogeny 
proposed  by  Coyle  (1974)  and  resolves  the  po- 
lytomy  in  the  erebus  group  by  postulating  that 


A.  erebus  and  A.  trophonius  are  sister  species  and 
A.  plutonis  and  A.  torridus  are  sister  species.  We 
also  hope  this  paper  will  encourage  and  facilitate 
the  conservation  of  these  spiders  and  their  hab- 
itats, which  are  rapidly  shrinking  due  to  urban, 
agricultural,  and  even  recreational  development. 
Regrettably,  we  have  already  witnessed  the  de- 
struction of  some  demes  which  we  studied  in  the 
1960’s  and  early  1970’s. 

METHODS 

About  95%  of  the  data  used  in  this  study  was 
collected  by  us  during  many  short  field  trips  be- 
tween 1966  and  1974  (Icenogle)  and  a seven- 
week  field  trip  in  July  and  August  of  1 972  (Coyle). 
Our  collecting  methods  were  described  earlier 
(Coyle  1974).  Each  spider  was  given  an  identi- 
fication number  when  it  was  collected  and  field 
notes,  photographs,  and  burrow  entrance  speci- 
mens were  keyed  to  these  numbers.  Unless  noted 
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Otherwise,  data  on  burrow  structure  are  derived 
from  adult  female  burrows.  Although  some  nat- 
ural history  data,  particularly  habitat  data,  were 
derived  from  nearly  every  specimen  (about  260 
adult  females  and  80  adult  males)  and  nearly 
every  collecting  site  listed  in  the  ‘'Records’’  sec- 
tions of  the  revision  (Coyle  1974),  most  of  the 
observations  we  present  in  this  paper  came  from 
the  following  sites  (see  Coyle  1974  for  complete 
locality  information;  number  of  females  collect- 
ed with  broods  is  in  parentheses):  A.  gulosus  - 
Salt  Creek  (11);  coastal  A.  californicus  - Alum 
Rock  Park  (6),  4.5  mi  N Soquel  (4),  Mt.  Loma 
Prieta  (2),  Calaveras  Reservoir  (2);  sierran^.  cal- 
ifornicus ” Mariposa  (5);  A.  gnomus  - Henry 
Cowell  Redwoods  State  Park  (4);  A.  aquilonius 
- Grizzly  Creek  Redwoods  State  Park  (6),  Red- 
way-Briceland  (6);  A.  janus  - Sequoia  National 
Park  (5),  Hume  Lake;  A.  isolatus  - Oak  Creek 
Canyon  (2),  Santa  Catalina  Mtns.  (2);  A.  thomp- 
soni  - Placerita  Canyon  State  Park  (5),  Chat- 
sworth  (5),  Henninger  Flats  (2),  Eaton  Canyon 
Park  (2),  Santa  Ynez  Mtns.  (1),  Tehachapi  Mtns. 
(1);  A.  erebus  - Wilbur  Springs,  Mariposa  (1), 
Pinehurst,  Nevada  City;  A.  trophonius  - 4.5  mi 
N Soquel  (5);  A.  plutonis  - Univ.  of  California 
at  Riverside  (4),  S Banning  (1);  A.  torridus  - 
Mountain  Center  (2),  Yucaipa. 

Most  of  the  spiders,  the  burrow  entrance  spec- 
imens, and  some  of  the  parasitoids  are  deposited 
in  the  American  Museum  of  Natural  History 
(AMNH).  Other  spiders  are  in  the  Museum  of 
Comparative  Zoology  at  Harvard.  The  parasit- 
oids and  host  spiders  which  are  in  the  second 
author’s  collection  will  eventually  be  deposited 
in  the  AMNH. 

The  U.S.  Weather  Bureau  records  of  precipi- 
tation which  we  used  covered  periods  of  20-50 
years  (depending  on  the  station)  between  1900 
and  1 950.  We  used  records  only  from  29  weather 
stations  within  50  km  of  Aliatypus  collecting  lo- 
calities. Since  California  is  a climatically  com- 
plex region  where  striking  climatic  differences 
may  exist  within  a transect  of  a few  km  (Bakker 
1971;  Major  1977),  the  precipitation  profiles  giv- 
en in  the  third  column  of  Table  1 do  not  accu- 
rately represent  the  conditions  experienced  by 
each  species,  but  do,  we  believe,  reliably  indicate 
important  general  differences  between  the  cli- 
mates experienced  by  dif^QVQnl  Aliatypus  species. 

ECOLOGY 

Habitat. —Despite  its  rather  small  geographic 
range  (Fig.  1),  Aliatypus  occupies  a broad  range 


of  elevations  (sea  level  to  3080  m),  climates  (very 
arid  to  moist),  and  biotic  communities  (Table  1, 
Figs.  2-17).  All  of  the  California  species  expe- 
rience, to  one  degree  or  another,  the  dry  warm 
(to  hot)  summer  and  the  relatively  wet  and  mild 
late  fall  and  winter  characteristic  of  California’s 
Mediterranean  climate  (Major  1977).  On  aver- 
age, only  4-15%  of  the  annual  precipitation  ex- 
perienced by  every  California  species  of  Aliaty- 
pus falls  during  the  five  month  period  of  May  to 
September.  It  is  this  climate  which  causes  most 
of  these  species  to  be  most  active  during  the  win- 
ter and  spring  and  inactive  during  at  least  part 
of  the  summer.  It  is  also  important  to  remember 
that  periodic  droughts  lasting  one  or  more  years 
(with  precipitation  amounts  lower  than  the  av- 
erages reported  in  the  third  column  of  Table  1) 
exert  greater  than  normal  stress  on  these  spiders 
from  time  to  time. 

Two  species,  A.  plutonis  and  A.  torridus,  are 
found  in  very  arid  habitats  in  the  interior  of 
southern  California  (Table  1 , Figs.  1 , 15-17).  Al- 
iatypus torridus  tolerates  the  driest  and  most 
sparsely  vegetated  habitats  and,  not  surprisingly, 
exhibits  a strong  preference  for  north-facing  slopes 
and  sheltered  soil  at  the  bases  of  large  rocks, 
shrubs,  and  trees.  Aliatypus  gulosus  and  A. 
thompsoni  are  usually  found  in  somewhat  less 
arid  habitats  in  more  coastal  and  montane  areas 
of  southern  California  (Figs.  1,2,  12,  13).  Four 
other  species,  A.  californicus,  A.  janus,  A.  isola- 
tus, and  A.  erebus,  live  primarily  in  central  Cal- 
ifornia and/or  at  higher  elevations  than  the  afore- 
mentioned species  and  seem  to  prefer  more  me- 
sic  habitats,  primarily  woodland  and  forest  com- 
munities (Figs.  1,  3,  4,  8-11,  14).  Although  its 
habitat  range  broadly  overlaps  that  of  A.  cali- 
fornicus, A.  erebus  appears  to  be  more  tolerant 
of  dryer  and  colder  environments.  Aliatypus  jan- 
us is  found  over  an  unusually  wide  range  of  el- 
evations and  is  common  in  the  red  fir  forests  of 
the  Sierra  Nevada  (Fig.  9)  where  the  winters  are 
cold  and  long;  in  1978  its  range  was  extended  by 
the  second  author,  who  collected  a specimen  at 
3080  m in  the  White  Mountains  near  the  Cali- 
fomia-Nevada  border.  Unlike  other  Aliatypus 
species,  A.  janus  and  its  sister  species,  A.  isolatus, 
are  probably  physiologically  and/or  behaviorally 
adapted  to  a colder  winter  climate,  and  popu- 
lations at  higher  elevations  presumably  remain 
inactive  during  most  of  the  winter.  The  three 
remaining  species,  A.  gnomus,  A.  aquilonius,  and 
A,  trophonius,  have  been  found  only  in  the  rel- 
atively moist  redwood  forests  near  the  coast  of 
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Table  1.— Elevation,  precipitation,  and  habitat  data  for  known  populations  of  Aliatypus  species.  Data  in 
precipitation  column  are  the  overall  mean  and  range  of  the  mean  annual  precipitation  records  from  two  or  more 
stations  near  the  localities  where  each  species  has  been  collected  (see  Methods  section).  Plant  community 
designation  and  precipitation  (inches)  based  on  Munz  and  Keck  (1959).  + means  the  species  occurs  in  this 
community  type;  + + means  the  species  (because  populations  are  particularly  large  or  common  in  this  community 
type)  may  prefer  this  type.  *Aliatypus  isolatus,  an  Arizona  species,  is  found  in  canyon  woodland,  pine-oak 
woodland,  and  yellow  pine  forest  communities;  the  symbols  are  placed  under  those  California  community  types 
which  most  closely  resemble  these  in  physiognomy  and  precipitation. 


Plant  community  and  average  annual  precipitation 
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central  and  northern  California  (Figs.  1 , 5-7,  14). 
The  precipitation  amounts  given  in  the  third  col- 
umn of  Table  1 may  be  lower  than  the  true  values 
for  these  species  and  do  not  take  into  account 
the  summer  fog  which  boosts  the  humidity  in 
their  forest  habitat.  It  may  be  that  the  distinc- 
tively small  body  sizes  and  consequent  high  sur- 
face-to- volume  ratios  of  these  three  species  (Ta- 
ble 4),  as  well  as  their  shallow  burrows  (Table 
3),  preclude  their  existence  in  warmer  and  dryer 
habitats,  although  it  should  be  remembered  that 
even  the  redwood  forests  can  be  quite  dry  in  the 
summer.  The  ability  of  some  Aliatypus  species 
to  survive  the  periodic  fires  characteristic  of 
chaparral  is  demonstrated  by  our  observation  of 
numerous  healthy  A.  plutonis  and  A.  thompsoni 


adults  in  chaparral  localities  that  had  been  burned 
in  hot  brush  fires  a year  {A.  plutonis)  (Fig.  16) 
and  several  months  {A.  thompsoni)  earlier.  At 
least  some  populations  of  some  species  encoun- 
ter occasional  flooding;  Bentzien  (1976)  ob- 
served that  some  individuals  of  A.  calif ornicus 
do  not  abandon  rain-flooded  burrows  and  can 
survive  for  short  periods  under  water. 

Microhabitat.— All  species  prefer  ground  sur- 
faces that  are  sheltered,  relatively  stable,  sloping, 
and  either  north-facing  or  otherwise  shaded.  Bur- 
rows are  seldom  found  in  soil  that  is  subject  to 
erosion,  but  rather  in  soil  bound  together  by  roots 
and/or  sheltered  under  protruding  roots  or  rocks. 
Although  most  species  apparently  prefer  steep 
slopes  such  as  ravine  or  road  banks,  the  four 
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Figures  2-1  .—Aliatypus  habitat  photos.  2,  coastal  sage  scrub  habitat  at  20  m elev.  at  Salt  Creek,  Orange 
County,  California,  A.  gulosus  burrows  on  north-facing  stream  bank;  3,  dense  foothill  woodland  habitat  at  700 
m elev.  at  Montebello  Rd.,  Santa  Clara  Co.,  California,  A.  californicus  burrows  on  ravine  banks  shaded  by  trees; 
4,  dense  foothill  woodland  habitat  at  180  m elev.  at  Alum  Rock  Park,  Santa  Clara  Co.,  California,  A.  californicus 
burrows  on  well-shaded  north-facing  road  bank;  5,  redwood  forest  habitat  at  120  m elev.  at  Henry  Cowell 
Redwood  State  Park,  Santa  Cruz  Co.,  California,  A.  gnomus  burrows  on  heavily  shaded  road  bank;  6,  redwood 
forest  habitat  at  120  m elev.  at  Grizzly  Creek  Redwood  State  Park,  Humboldt  Co.,  California,  A.  aquilonius 
burrows  on  heavily  shaded  road  bank;  7,  redwood  forest  habitat  at  120  m elev.  at  1.4  mi  W Redway,  Humboldt 
Co.,  California,  A.  aquilonius  burrows  on  low  road  bank. 


erebus  group  species  {A.  erebus,  A.  trophonius,  A. 
plutonis,  and  A.  torridus)  are  usually  found  on 
more  gentle  slopes  of  45®  or  less.  In  particularly 
dry  habitats,  the  relatively  common  occurrence 
of  Aliatypus  burrows  at  the  base  of  rock  outcrops 
may  be  due  partly  to  the  tendency  of  these  out- 
crops to  provide  runoff,  shade,  and  stability  to 
the  adjacent  soil.  Aliatypus  species  construct  bur- 


rows in  a wide  variety  of  soil  types  ranging  from 
soft  sandy  loam  and  loose  pumice  to  hard  clay- 
loam  that  is  often  chunky  or  rocky.  Within  some 
species,  A.janus  in  particular,  there  is  much  vari- 
ation in  the  soil  types  inhabited.  The  depth  of 
leaf  and/or  needle  litter  cover  where  burrows  are 
found  also  varies  greatly  within  the  genus  and 
within  some  species.  While  occupied  banks  are 
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Figures  %-\\.—Aliatypus  habitat  photos.  8,  yellow  pine  forest  habitat  with  giant  sequoia,  white  fir,  and  sugar 
pine  at  2070  m elev.  at  Sequoia  National  Park,  Tulare  Co.,  California,  A.janns  burrows  on  bank  of  small  stream; 
9,  red  fir  forest  habitat  at  2450  m elev.  at  Yosemite  National  Park,  Mariposa  Co.,  California,  A.janns  burrows 
on  and  near  low  road  bank  (on  left);  10,  open  yellow  pine-oak  woodland  habitat  at  1350  m elev.  at  Manzanita 
Campground  in  Oak  Creek  Canyon,  Coconino  Co.,  Arizona,  A.  isolatus  burrows  on  north-facing  ravine  bank; 
1 1 , canyon  hardwood-conifer  woodland  habitat  at  1 500  m elev.  at  Cave  Springs  Campground  in  Oak  Creek 
Canyon,  Coconino  Co.,  Arizona,  A.  isolatm  burrows  in  heavy  shade  at  base  of  northeast-facing  bluff  on  canyon 
floor  (at  bottom  of  photo). 


covered  with  little  or  no  litter,  the  gentle  slopes 
inhabited  by  some  species  may  be  covered  with 
up  to  8 cm  of  litter. 

Population  density. —Populations  of  Aliatypus 
species  usually  consist  of  scattered  burrow  clus- 
ters which  vary  greatly  in  area,  population  den- 
sity, and  distance  apart.  Sometimes  burrow  den- 
sities may  be  very  high.  For  example,  burrow 


entrances  of  several  small  juveniles,  three  large 

juveniles,  and  three  adult  females  of  A.  gnomus 
were  crowded  together  in  a 200  cm^  area;  three 
adult  females  and  12  juveniles  of  A.  californicus 
occupied  a 1000  cm^  area  in  a large  dense  pop- 
ulation at  Alum  Rock  Park;  entrances  of  some 
adult  females  of  A.  janus  at  Hume  Lake  were 
only  5-7  cm  apart;  and  approximately  300  A. 
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Figures  1 2-\l .—Aliatypus  habitat  photos.  1 2,  foothill  woodland  habitat  at  Placenta  Canyon  Park,  Los  Angeles 
Co.,  California,  A.  thompsoni  burrows  on  heavily  shaded  north-facing  ravine  bank  in  oak  grove  (slope  above 
oak  grove  covered  with  chaparral);  13,  dense  foothill-woodland  habitat  at  670  m elev.  along  Stagecoach  Road 
in  Santa  Ynez  Mtns.,  Santa  Barbara  Co.,  California,  A.  thompsoni  burrows  on  shaded  road  bank;  14,  redwood 
forest  habitat  at  90  m elev.  at  4.5  mi  N Soquel,  Santa  Cruz  Co.,  California,  A.  trophonius  and  A.  californicus 
burrows  on  heavily  shaded  road  bank;  15,  coastal  sage  scrub  habitat  at  370  m elev.  near  Univ.  of  California  at 
Riverside,  Riverside  Co.,  California,  A.  plutonis  burrows  on  30-80®  slopes  of  ravine  banks;  16,  chaparral  habitat 
at  1000  m elev.  S Banning,  Riverside  Co.,  California,  A.  plutonis  burrows  on  northwest-facing  ravine  bank  (at 
left)  under  shade  of  large  shrub;  17,  creosote  bush  scrub  habitat  at  1070  m elev.  at  NE  edge  El  Paso  Mtns.,  Kem 
Co.,  California,  A.  torridus  burrows  at  base  of  north  side  of  boulders  (on  left). 


thompsoni  burrows,  including  those  of  several 
adults,  existed  in  one  3 area  at  Placerita  Can- 
yon. This  clustered  intrapopulation  distribution 
pattern,  which  is  typical  of  other  antrodiaetids 
(Coyle  1971;  Vincent  1 993)  and  many  other  trap- 
door spiders  (Main  1957,  1976,  1987;  Marples 
1972),  is  probably  a consequence  of  the  special 
microhabitat  requirements,  low  dispersal  ability, 


small  prey  capture  area  (Coyle  1986a),  and  rel- 
atively low  metabolic  rates  (Anderson  & Pres- 
twich  1982)  of  these  spiders. 

Syntopic  burrowing  mygalomorph  spiders.— 
Aliatypus  species  are  usually  syntopic  (living  side 
by  side)  with  one  or  more  species  of  burrowing 
mygalomorph  spiders,  species  which  are  poten- 
tially their  most  important  competitors.  Gen- 
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Table  2. — Non-congeneric  burrow-dwelling  mygalomorph  spiders  known  to  be  syntopic  with  Aliatypus  species, 
Antrodiaetus  and  Atypoides  are  antrodiaetids,  Actinoxia  and  Aptostichus  are  cyrtaucheniids,  Hebestatis  and 
Bothriocyrtum  are  ctenizids,  Calisoga  is  a nemesiid,  and  Megahexura  is  a mecicobothriid  (Raven  1985).  No 
such  mygalomorphs  have  yet  been  found  to  be  syntopic  with  A.  gnomus  or  A.  isolatus. 


Bothri- 

Antro- 

Apto- 

ocyrtum 

Calisoga 

Mega- 

diaetus 

Atypoides  Actinoxia 

stichus 

Hebestatis 

califor- 

longi- 

hexura 

pacificus 

riversi 

sp. 

SPP. 

theveneti 

nicum 

tarsus 

fulva 

gulosus 

+ 

+ 

+ 

californicus 

+ 

+ 

-h 

+ 

+ 

+ 

+ 

gnomus 

aquilonius 

+ 

+ 

janus 

+ 

+ 

+ 

+ 

isolatus 

thompsoni 

+ 

+ 

+ 

+ 

erebus 

+ 

+ 

+ 

+ 

+ 

trophonius 

plutonis 

+ 

+ 

+ 

+ 

+ 

torridus 

+ 

+ 

erally,  high  elevation  Aliatypus  populations  are 
associated  with  fewer  such  syntopic  taxa  than  are 
populations  at  lower  elevations.  As  might  be  pre- 
dicted from  competitive  exclusion  principles, 
syntopy  with  other  species  of  Aliatypus  - species 
which  should  occupy  the  most  similar  niches  - 
is  relatively  rare.  Although  nine  different  pairs 
of  Aliatypus  species  are  sympatric  (Fig.  1),  only 
four  sites  with  clearly  syntopic  populations  of 
two  or  more  species  of  Aliatypus  (only  three  of 
the  nine  possible  pairs)  have  been  found,  and 
these  (again,  in  conformance  with  competitive 
exclusion  principles)  do  not  involve  close  rela- 
tives. Aliatypus  californicus  occurs  syntopically 
with  A.  erebus  (at  Mt.  Diablo  and  at  Mariposa) 
and  A.  trophonius  (at  4,5  mi  N Soquel),  but  has 
not  been  found  living  with  its  closer  relative,  A. 
janus.  The  other  congeneric  pairing  is  A.  erebus 
with  A.  janus  (at  Pinehurst).  A fourth  pair  of 
species,  A.  gulosus  and  A.  thompsoni,  has  been 
collected  in  ravines  at  both  Chatsworth  and  Ea- 
ton Canyon  Park;  however,  collecting  data,  while 
showing  that  A.  thompsoni  is  much  more  abun- 
dant than  A.  gulosus,  are  inadequate  to  determine 
whether  these  distantly  related  species  are  ac- 
tually syntopic  at  these  sites.  There  are,  we  be- 
lieve, three  areas  where  additional  research  is 
most  likely  to  find  added  cases  of  syntopic  con- 
geners or  interesting  patterns  of  parapatry:  1)  In 
the  area  near  Felton  in  Santa  Cruz  County  where 
A.  californicus  and  A.  trophonius  are  syntopic,  A. 
gnomus,  which  is  present  in  similar  redwood  for- 
est habitats,  much  smaller  than  A.  californicus 


(its  putative  sister  species),  and  not  closely  re- 
lated to  A.  trophonius,  may  be  able  to  coexist  in 
syntopy  with  either  or  both  of  these  species.  2) 
Aliatypus  thompsoni  and  A.  janus,  which  live  in 
dense  foothill  woodland  and  are  not  close  rela- 
tives, may  be  syntopic  in  the  region  around  Squaw 
Flat  in  Ventura  County  where  they  have  been 
found  within  1 km  of  one  another.  3)  The  pos- 
sible presence  of  one  or  two  species  of  Aliatypus, 
in  addition  to  A.  californicus  and  A.  erebus,  at  or 
near  Mariposa  (Coyle  1974)  make  it  a particu- 
larly important  focus  of  future  studies  on  the 
systematics  and  ecology  of  Aliatypus. 

It  is  more  common  for  Aliatypus  species  to  be 
syntopic  with  other  burrow-dwelling  genera  than 
with  congeneric  species  (Table  2).  Bentzien  (1976) 
observed  that  A.  californicus  was  syntopic  with 
species  in  five  other  burrow-dwelling  mygalo- 
morph genera  at  the  University  of  California 
Hopeland  Field  Station  in  Mendocino  County: 
Antrodiaetus  pacificus,  Atypoides  river  si,  Aptos- 
tichus sp.,  Actinoxia  sp.,  and  Calisoga  longitar- 
sus.  The  most  diverse  association  of  burrow- 
dwelling mygalomorphs  we  have  observed  with 
any  Aliatypus  species  is  at  Mariposa,  where  the 
following  five  species  (in  four  families)  were  com- 
mon: A.  erebus,  A.  californicus,  Hebestatis  thev- 
eneti,  Calisoga  longitarsus,  and  Megahexura  ful- 
va.  These  mixed  species  populations  of  myga- 
lomorphs can  be  very  dense.  Near  Calaveras 
Reservoir  four  adults  and  1 3 juveniles  of  A.  cal- 
ifornicus, two  adults  and  two  juveniles  of  Aptos- 
tichus, two  adults  and  six  juveniles  of  Actinoxia, 
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and  one  C.  longitarsus  adult  were  collected  in 
one  2 X 4 m area.  A 1.2  area  at  Salt  Creek 
contained  two  adult  female  and  several  juvenile 
A.  gulosus,  eight  large  juvenile  and/or  adult  fe- 
male H.  theveneti,  and  two  adult  female  Aptos- 
tichus  sp.  The  burrow  entrances  of  non-conge- 
neric  mygalomorph  spiders  can  be  remarkably 
close  together;  an  adult  A.  gulosus  entrance  was 
found  only  2.0  cm  from  an  adult  Aptostichus 
entrance,  and  another  A.  gulosus  entrance  was 
equally  close  to  that  of  an  adult  H.  theveneti.  The 
interactions  within  these  dense  mixed  species  ag- 
gregations would  be  a fascinating  topic  for  study. 

Although  we  seldom  noticed  microhabitat  seg- 
regation among  the  species  in  these  mixed  pop- 
ulations of  burrow-dwelling  mygalomorph  gen- 
era, observations  at  other  sites  suggest  some  im- 
portant differences  in  habitat  and  microhabitat 
preferences.  Antrodiaetus  pacificus  (Coyle  1971) 
prefers  more  humid  and  cooler  habitats  than  do 
most  Aliatypus  species.  Bothriocyrtum  califor- 
nicum  commonly  inhabits  dry,  south-facing, 
gently  sloping  hillsides  or  level  terrain,  places 
where  Aliatypus  species  are  rare  or  absent.  He- 
bestatis  theveneti  exhibits  a relatively  narrow 
preference  for  heavily  shaded,  very  steep  firm 
banks.  The  habitat/microhabitat  preferences  of 
Aptostichus  species  seem  to  resemble  those  of 
Aliatypus  rather  closely  except  that  Aptostichus 
species  are  more  common  than  Aliatypus  species 
in  the  drier,  more  southern,  localities  which  har- 
bor both  genera.  Since  C.  longitarsus  and  M. 
fulva  do  not  excavate  burrows  but  simply  occupy 
existing  cavities  and  crevices,  they  primarily  in- 
habit areas  in  banks  where  soil  is  less  stable  than 
that  preferred  by  the  other  (burrowing)  taxa. 
Aphonopelma,  the  only  sympatric  burrow-dwell- 
ing mygalomorph  genus  which  we  have  not  ob- 
served living  next  to  Aliatypus,  prefers  sites  much 
like  those  favored  by  B.  californicum. 

BURROWS:  FORM,  FUNCTION,  AND 
CONSTRUCTION  BEHAVIOR 

Burrow  Aliatypus  burrows  usu- 

ally extend  into  the  ground  approximately  per- 
pendicular to  the  ground  surface  or  at  a small 
angle  downward  from  this  perpendicular  (Fig. 
1 8);  only  occasionally  does  a burrow  slope  down- 
ward more  than  1 5®  from  the  perpendicular  (Fig. 
1 8b,  f).  This  relationship  between  ground  surface 
slope  and  burrow  slope  is  typical  of  other  antro- 
diaetids  as  well,  and  is  not  surprising;  this  is 
normally  the  most  efficient  route  to  stable  and 
humid  soil  layers  (Coyle  1971).  Usually  the  up- 


per and  bottom  ends  of  the  burrow  are  closer  to 
horizontal  than  is  the  rest  of  the  burrow  (Fig. 
1 8).  The  burrow  is  otherwise  relatively  straight 
unless  there  are  obstacles  such  as  rocks  and  roots. 
The  more  nearly  horizontal  orientation  of  the 
upper  end  of  the  burrow  is  especially  noticeable 
where  the  ground  surface  is  not  steeply  inclined 
(Fig.  18h,  j,  k)  and  is  partly  responsible  for  the 
fact  that  the  plane  of  Aliatypus  entrance  openings 
is  usually  60-90®  and  rarely  less  than  30®  above 
the  horizontal.  Perhaps  these  entrance  orienta- 
tion features  reduce  1)  the  effort  the  spider  ex- 
pends to  overcome  gravity  during  the  prey  cap- 
ture lunge,  and  2)  the  chance  that  water  or  mud 
will  flood  into  the  burrow  entrance  during  heavy 
rainfall. 

Burrow  shape  and  size. —The  burrow  is  cir- 
cular in  cross-section  and  unbranched.  As  in  most 
other  antrodiaetids  (Coyle  1971)  and  many  other 
burrowing  mygalomorphs,  the  bottom  end  of  an 
Aliatypus  burrow  is  nearly  always  larger  in  di- 
ameter than  the  rest  of  the  burrow  (Figs.  18,  24, 
48),  possibly  an  adaptation  to  allow  space  for 
turning  around,  manipulating  prey,  molting,  egg 
sacs,  and  spiderlings.  Typically,  except  in  the  case 
of  A.  aquilonius  burrows,  the  upper  end  is  also 
enlarged  (Fig.  18);  this  expansion  may  help  ac- 
commodate prey  handling,  turning  around,  and 
mating. 

Within  each  species  the  lengths  of  adult  female 
and  male  burrows  vary  greatly  (Table  3).  Some 
of  this  variation  must  be  the  result  of  spider  size 
and  age  variation.  Note  that  penultimate  and 
adult  males,  which  are  smaller  and  often  younger 
than  many  adult  females,  usually  have  shorter 
burrows.  However,  the  correlation  between  fe- 
male burrow  length  and  body  size  is  weak,  at 
best,  within  each  species  (correlation  coefficient 
= -0.99-0.86  for  burrow  length  vs.  carapace 
length)  and  within  the  combined  sample  of  all 
species  (0.57  for  burrow  length  vs.  carapace  length, 
0.45  for  burrow  length  vs.  the  cube  of  carapace 
length).  Environmental  factors,  such  as  the  hard- 
ness, stability,  moisture  content,  and  tempera- 
ture of  the  soil  probably  also  play  a role  in  de- 
termining burrow  length.  The  three  small-bodied 
species,  A.  gnomus,  A.  aquilonius,  and  A.  tro- 
phonius,  have  significantly  shorter  burrows  {P  < 
0.01)  than  all  the  other,  larger  species  (Fig.  18). 
One  factor,  in  addition  to  small  mass  and  a high 
body  surface  to  volume  ratio,  which  may  prevent 
these  small  Aliatypus  species  from  inhabiting 
warmer  and  drier  habitats  like  those  frequented 
by  many  of  their  larger  congeners,  is  that  they 
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Figure  18.— Representative  profiles  of  adult  female  burrows  of  nine  Aliatypus  species,  drawn  to  scale.  Burrow 

d (A.  californkus)  contains  an  egg  sac,  burrow  e (A.  californicus)  a type  C closure,  and  burrow  g {A.  thompsoni) 
a type  B closure. 


would  have  to  expend  a disproportionate  amount 
of  energy  in  order  to  excavate  and  maintain  bur- 
rows that  are  long  enough  to  protect  them  from 
overheating  and  desiccation  in  the  dehydrated 
surface  soil.  Aliatypus  plutonis  tends  to  construct 
the  longest  burrows;  female  burrows  of  this  spe- 
cies are  significantly  longer  (F  < 0.0 1)  than  those 
of  four  (A.  gulosus,  A.  californicus,  A.  janus,  and 
A.  erebus)  of  the  six  Aliatypus  species  of  equal  or 
larger  body  size.  Perhaps  the  disproportionately 
long  burrows  of  A.  plutonis  help  prevent  over- 
heating and  desiccation  in  the  especially  warm 
and  dry  environments  inhabited  by  this  species. 
Presumably  for  similar  reasons,  the  longest  Al- 
iatypus burrow  we  have  excavated,  a 5 1 mm  long 
A.  torridus  burrow,  was  in  the  driest  Aliatypus 
site  we  have  found,  a creosote  bush  desert  habitat 
in  the  El  Paso  Mountains;  adult  A.  torridus  bur- 
rows in  the  wetter  pine  forest  at  Mountain  Center 
were  less  than  half  that  long.  Although  heat  and 
drought  presumably  exert  selection  pressure  on 
older  juveniles  and  adults  of  all  Aliatypus  species, 
such  pressure  is  probably  much  greater  on  earlier 


instars  because  of  their  larger  surface-to- volume 
ratios  and  shorter  burrows.  An  examination  of 
the  drought-inflicted  mortality  and  rate  of  bur- 
row excavation  in  these  early  instars  would  be 
instructive. 

Silk  lining  of  burrow.— All  Aliatypus  burrows 
are  lined  with  silk,  which  presumably  provides 
some  reinforcement  and  may  help  conserve  wa- 
ter. The  thickness  of  this  lining  varies  within  an 
individual  burrow,  within  a population,  and 
among  the  different  species.  In  many  species  {A. 
californicus,  A.  gnomus,  A.  isolatus,  A.  thomp- 
soni, A.  plutonis,  andyJ.  torridus)  burrows  possess 
throughout  most  of  their  lengths  only  a very  thin, 
almost  imperceptible,  layer  of  silk  (Figs.  24,  46, 
47),  much  thinner  than  that  of  most  other  Cal- 
ifornian trapdoor  spiders.  Usually  the  silk  lining 
is  thickest  in  the  upper  end  of  the  burrow,  and 
may  be  especially  thick  if  the  surface  substrate 
is  lose  or  dry.  This  probably  serves  to  discourage 
the  collapse  of  this  part  of  the  burrow,  which  is 
usually  in  the  least  stable,  most  erosion-prone 
substrate,  and  may  also  reduce  the  loss  of  water 
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Table  3.— Burrow  and  trapdoor  dimensions  of  Aliatypus  species.  All  data  from  burrows  of  adults.  Range, 
mean,  and  standard  deviation  given  for  samples  of  four  or  more.  Sample  size  in  parentheses  after  range;  sample 
sizes  for  trapdoor  shape  and  hinge  indices  are  same  as  for  trapdoor  width.  Trapdoor  shape  index  = width/height; 
trapdoor  hinge  index  = width/hinge  length  (Fig.  38). 


Female  burrow 
length  (cm) 

Female  burrow 
midpoint 
diameter  (mm) 

Male  burrow 
length  (cm) 

Female 
trapdoor 
width  (mm) 

Female 
trapdoor 
shape  index 

Female 
trapdoor 
hinge  index 

gulosus 

12-30(11) 
23.2  ± 6.2 

9-16(11) 
11.5  ± 2.4 

11,  12 

14-16(4) 
14.5  ± 1.0 

1.56-1.78 
1.66  ± 0.12 

1.07-1.27 

1.15  ± 0.10 

californicus 

13-33  (24) 
21.2  ± 4.9 

10-15(14) 
12.9  ± 1.6 

10-25  (10) 
14.2  ± 4.9 

11.5-16(6) 
14.3  ± 1.8 

0.96-1.25 
1.18  ± 0.11 

1.07-1.25 

1.17  ± 0.07 

gnomus 

7-9.5  (3) 

8.3 

6,  7 

4-7(3) 

5.0 

8-9.5  (3) 

9.0 

1.19-1.27 
1.23  ± 0.04 

1.06-1.19 

1.13  ± 0.07 

aquilonius 

3.5-13(16) 
6.1  ± 2.8 

6-12(16) 
8.9  ± 1.7 

3.5-6  (3) 

4.5 

6-13(14) 
8.8  ± 2.2 

1.08-1.31 
1.18  ± 0.08 

1.00-1.30 
1.17  ± 0.07 

janus 

11-30(12) 
18.7  ± 5.4 

9-21  (4) 

15.0  ± 5.2 

14-18(5) 
16.2  ± 1.5 

1.20-1.33 
1.28  ± 0.05 

1.06-1.08 

1.07  ± 0.01 

isolatus 

14-30  (8) 

22.1  ± 6.3 

10-11  (4) 

10.8  ± 0.5 

6-13  (4) 

8.3  ± 3.2 

12,  13 

1.18,  1.20 

1.09,  1.13 

thompsoni 

16-41  (20) 
25.9  ± 6.7 

9-15(15) 
11.3  ± 1.8 

9-16(7) 

14.6  ± 2.5 

10.5-15(15) 
12.4  ± 1.2 

1.05-1.36 
1.19  ± 0.09 

1.08-1.44 
1.22  ± 0.11 

erebus 

15-30(12) 
21.3  ± 4.4 

11-17(9) 

13.8  ± 2.6 

12-15(4) 

12.8  ± 1.5 

19-23  (8) 
20.5  ± 1.2 

1.31-1.67 
1.49  ± 0.13 

1.28-2.00 
1.59  ± 0.30 

trophonius 

4-7  (5) 

5.1  ± 1.1 

7-9  (3) 

6.3 

3,  4 

9,  10 

1.29,  1.67 

1.43,  1.80 

plutonis 

18-45  (9) 
32.1  ± 8.9 

12-16(7) 

14.8  ± 1.6 

12-23  (5) 

17.0  ± 4.4 

14-21  (7) 
16.0  ± 2.5 

1.33-1.55 
1.42  ± 0.08 

1.25-1.42 
1.37  ± 0.06 

torridus 

15-51  (7) 
25.1  ± 12.3 

11-14(6) 

12.7  ± 1.4 

5-22  (4) 

14.5  ± 7.6 

17 

1.55 

1.31 

vapor  into  the  drier  surface  substrate.  Often  the 
lower  end  of  the  burrow  is  also  relatively  well 
lined  with  silk.  Aliatypus  trophonius  and  es- 
pecially A.  erebus  construct  a markedly  thicker 
silk  lining  than  other  Aliatypus  species  (with  the 
exception  of  some  A.  gulosus  females).  The  entire 
lining  of  an  adult  female  A.  erebus  burrow  is  a 
tough  grey-white  to  white  silk  that  is  much  thick- 
er than  that  in  syntopic  A.  calif  or  nicus  and  A. 
janus  burrows. 

Burrow  wall.— The  walls  of  most  of  the  bur- 
rows of  many  Aliatypus  species  are  made 
smoother  and  harder  than  the  surrounding  soil, 
probably  by  packing  the  soil  when  it  is  moistened 
by  rain  and  possibly  by  a “saliva,”  as  has  been 
observed  in  some  other  trapdoor  spiders  (Monks 
1886;  Eddy  1948;  Main  1976;  Gertsch  1979). 
This  design  feature,  much  like  the  silk  lining, 
probably  functions  to  stabilize  the  burrow  walls 
and/or  increase  water  vapor  retention  in  the  less 
stable,  dryer  surface  substrate.  At  least  most  of 
the  A.  isolatus  burrows  located  in  especially  dry 


habitats  were  lined  in  their  upper  several  centi- 
meters with  an  almost  cement-like  casing  sur- 
rounded by  markedly  looser  soil.  Sometimes,  at 
least,  this  casing  is  soil  that  has  been  excavated 
from  the  burrow  bottom  and,  rather  than  being 
discarded  from  the  burrow  entrance,  is  packed 
into  the  burrow  wall.  For  example,  the  upper 
two-thirds  of  an  A.  calif ornicus  burrow  in  soft 
dark  loam  was  lined  with  a 1-3  mm  thick  hard- 
packed  layer  of  light  sandy  clay  into  which  the 
lower  one-third  of  the  burrow  penetrated.  In  some 
A.  thompsoni  burrows,  faint  outlines  of  discs  of 
dried  mud  that  had  been  plastered  onto  the  walls 
were  visible.  Although  species  with  the  thickest 
silk  lining  {A.  erebus  and  A.  trophonius)  appear 
to  rely  little  on  packed  mud  to  reinforce  their 
walls,  many  of  the  species  living  in  the  driest 
habitats  (A.  isolatus,  A.  thompsoni,  A.  plutonis, 
and  A.  torridus)  have  only  a very  thin  silk  lining 
but  well-developed  wall  casing;  they  appear  to 
rely  heavily  upon  packing  and  “plaster”  for  wall 
reinforcement  and/or  water  retention. 
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Figures  \9~24.—Aliatypus  burrows  and  entrances.  19,  A.  gulosus  burrow  entrance  with  door  propped  open, 
Salt  Creek,  Orange  Co.,  California;  20,  same  A.  gulosus  entrance  as  in  Fig.  19  showing  closed  door  and  small 
old  door  above  and  to  left;  2\,  A.  gulosus  female  in  exposed  burrow.  Salt  Creek,  Orange  Co.,  California;  22, 
sealed  entrance  of  A.  californicus,  4.5  mi  N Soquel,  Santa  Cruz  Co.,  California;  23,  same  entrance  as  in  Fig.  22 
after  forcing  door  open  to  expose  silk  seal;  24,  same  burrow  as  in  Fig.  23,  exposed  and  photographed  from 
below  showing  female  on  top  of  egg  sac  in  defensive  position. 


Entrance  rim.— The  silk-lined  entrance  rim 
flares  out  to  form  a lip  against  which  the  door 
fits  snugly  (Figs.  19,  28,  33,  35,  36).  Sometimes 
this  lip  is  elevated  slightly  above  the  surrounding 
substrate  (Fig.  27),  usually  1-3  mm  in^.  plutonis. 
In  A.  erebus  the  rim  is  often  elevated  2-4  mm 
and  flares  out  generously  so  that  the  lip  is  about 
2 mm  wide.  In  contrast,  the  entrance  rim  of  A. 
thompsoni  is  almost  never  elevated  above  the 
surrounding  soil  (Figs.  39,  40).  One  striking  fea- 


ture of  A.  aquilonius  entrances  is  that  at  least 
90%  of  all  adult  burrows  have  tough  tabs  of  silk 
and  soil  (sometimes  including  pieces  of  moss) 
which  are  extensions  of  and  radiate  out  from  the 
ventral  and  lateral  sectors  of  the  entrance  rim 
(Figs.  28-32).  These  entrance  rim  tabs  vary  in 
number  from  three  to  six  and  in  length  from  1- 
5 mm.  Touching  the  tip  of  a tab  triggers  an  ac- 
curate prey  capture  response;  perhaps  these  tabs 
serve  to  extend  the  spider’s  prey  sensing  radius 
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Figures  25-33.— Aliatypus  burrow  entrances,  25,  entrance  of  A.  gnomus  with  door  forced  open  to  show  thin 
silk  seal  and  soil  plug,  Henry  Cowell  Redwood  State  Park,  Santa  Cruz,  California;  26,  same  entrance  as  in  Fig, 
25  with  door  sealed  shut;  27,  A.  gnomus  door  propped  open,  Henry  Cowell  Redwood  State  Park,  Santa  Cruz, 
California;  28,  A.  aquilonius  door  propped  open,  silk  plus  soil  tabs  on  entrance  rim,  Grizzly  Creek,  Redwood 
State  Park,  Humboldt  Co,,  California;  29,  A.  aquilonius  entrance  with  door  propped  open,  with  tabs  of  silk  plus 
moss  on  rim,  Grizzly  Creek,  Redwoods  State  Park,  Humboldt  Co.,  California;  30,  same  entrance  as  in  Fig.  29, 
door  shut;  3\,  A.  aquilonius  entrance  with  door  forced  open  to  show  heavy  silk  seal,  with  silk  plus  soil  tabs  on 
rim,  1,4  mi  W Redway,  Humboldt  Co.,  California;  32,  same  entrance  as  in  Fig.  31  before  door  opened;  33,  A. 
janus  entrance  with  door  propped  open  and  linear  litter  attached  to  rim,  Sequoia  National  Park,  Tulare  Co., 
California. 


(Coyle  1986a).  The  only  oX\\qv  Aliatypus  species 
observed  to  attach  materials  to  the  entrance  rim 
is  A.  janus]  about  25%  of  the  entrances  at  the 
Sequoia  National  Park  and  Hume  Lake  sites  had 
elongate  pieces  of  plant  material  attached  to  the 
entrance  rim  (Figs.  33-36).  These  pieces,  usually 
fir  needles  and  redwood  leaves  up  to  20  mm  long, 
were  attached  firmly  by  their  ends  to  the  rim  at 
irregular  intervals,  but  were  most  numerous  at 


the  ventral  sector  of  the  entrance.  The  possibility 
that  these  pieces  of  linear  litter  extend  the  prey 
sensing  radius  of  A.  janus  was  not  tested. 

Trapdoor  form. —The  edge  of  the  closed  trap- 
door extends  slightly  beyond  the  entrance  rim  so 
that  the  rim  is  not  normally  visible  (Figs.  20,  26, 
32,  34,  42).  The  hinge  is  positioned  at  the  up- 
permost sector  of  an  inclined  entrance  such  that 
gravity  causes  the  door  to  shut  automatically. 
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Figures  34-31  .—Aliatypus  burrow  entrances.  34,  A.janus  entrance  with  linear  litter  attached  to  rim,  Sequoia 
National  Park,  Tulare  Co.,  California;  35,  same  entrance  as  in  Fig.  34  with  door  propped  open;  36,  same  as  in 
Fig.  35  in  side  view;  37,  isolatus  entrance  with  door  propped  open.  Cave  Springs  Campground,  Oak  Creek 

Canyon,  Coconino  Co.,  Arizona. 


The  hinge  axis,  although  sometimes  straight,  is 
often  slightly  curved  and  consequently  resists  be- 
ing opened  much  beyond  an  angle  of  60°.  This 
is  a particularly  noticeable  feature  of  A.  gulosus 
and  A.  plutonis  doors  (Fig.  38).  Sometimes,  par- 
ticularly in  the  erebus  group,  the  comers  of  the 
door  at  each  end  of  the  hinge  extend  well  beyond 
the  hinge  so  that  the  functional  hinge  is  not  as 
wide  as  it  appears  from  the  outside  (Fig.  38). 
Door  size  of  adult  females  (Table  3)  varies  con- 
siderably within  and  among  species,  but,  not  sur- 
prisingly, is  much  more  strongly  correlated  with 
body  size  than  is  burrow  length.  The  correlation 
coefficient  of  door  width  V5.  carapace  length  rang- 
es from  0.42-0.95  among  the  species.  Door  shape 
is  surprisingly  constant  within  each  species  and 
differs  markedly  between  species  and  groups  of 
species  (Table  3,  Fig.  38).  Aliatypus  erebus  and 
its  three  close  relatives  (A.  trophonius,  A.  pluton- 
is, A.  torridus)  all  have  similarly  shaped  doors 
which  are  proportionally  broader  (width/height 
= 1.29-1.67,  mean  = 1.46  ±0.12;  width/hinge 


length  = 1.25-2.00,  mean  = 1.49  ±0.24)  than 
the  doors  of  A.  calif ornicus  and  its  four  close 
relatives  {A.  gnomus.  A,  aquilonius,  A.  janus,  A. 
isolatus)  (width/height  = 0.96-1 .33,  mean  = 1 .20 
±0.08;  width/hinge  length  = 1.00-1.30,  mean  = 
1.15  ±0.07)  (Fig.  38,  Table  3).  The  A.  gulosus 
door  is  proportionally  broad  like  that  of  the  er- 
ebus group  but  has  a proportionally  broad  hinge 
as  in  the  calif  ornicus  group  (Fig.  38);  its  high 
hinge  length/door  height  (1 .22-1 .67,  mean  = 1 .46 
±0.18)  distinguishes  it  from  all  other  species 
(0.71-1.25,  mean  = 1.02  ±0.12).  Aliatypus 
thompsoni  doors  are  shaped  much  like  those  of 
the  californicus  group  species. 

All  Aliatypus  species  possess  relatively  thin 
(wafer-type)  doors.  Most  doors  are  composed  of 
silk  and  soil,  and  often,  on  the  outer  surface,  bits 
of  moss  or  dead  plant  debris  from  the  surround- 
ing ground  surface,  so  that  they  are  often  cam- 
ouflaged visually  and  perhaps  tactually  (Figs,  30, 
39).  Sometimes  one  or  two  small  (old)  doors  re- 
main attached  above  the  functional  door  at  the 
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hinge  (Fig.  20).  Door  thickness  and  stiffness  vary 
within  the  genus.  Most  species  have  doors  1-2 
mm  thick  (in  center)  that  are  flexible  to  semi- 
stiff. Two  species,  A.  aquilonius  and  A.  thomp- 
soni,  have  somewhat  thicker  (1-2.5  mm  thick) 
doors  which  are  quite  stiff  (Figs.  28-32,  39,  40). 
The  doors  of  A.  aquilonius,  although  small,  are 
particularly  thick  and  rigid,  with  slightly  beveled 
edges,  and  therefore  approach  the  cork-type  door 
form  of  some  trapdoor  spiders.  The  stiffness  of 
an  Aliatypus  door  is  determined  not  only  by  its 
thickness  but  also  by  its  composition.  If,  as  is 
the  case  for  some  A.  erebus  and  A.  trophonius 
individuals,  the  door  contains  little  or  no  mineral 
soil  and  is  composed  instead  of  silk  and  plant 
litter/humus  fragments,  it  is  very  light  weight  and 
flexible.  The  silk,  which  is  relatively  non-elastic, 
is  always  concentrated  on  the  undersurface  of  an 
Aliatypus  door.  As  a result,  a thin  door  may  bend 
rather  readily  if  pushed  up  from  the  center  of  the 
undersurface  but,  if  its  outer  surface  is  composed 
of  a non-compressible  layer  of  soil,  is  much  more 
resistant  to  bending  when  pushed  down  from  the 
center  of  the  top  surface.  Consequently  the  door, 
even  when  not  very  thick,  may  be  an  effective 
barrier  to  agents  that  press  inward  against  it. 

Burrow  construction  behavior.— Sporadic  ob- 
servations of  four  large  captive  A.  isolatus  ju- 
veniles on  a horizontal  soil  surface  indicate  that 
first,  as  in  Antrodiaetus  (Coyle  1971),  a shallow 
enclosure  or  cell  is  constructed,  later  the  trapdoor 
is  formed,  and  then,  under  the  protection  of  the 
door,  the  burrow  is  lengthened.  Close  and  fairly 
constant  observation  of  one  of  these  spiders  dur- 
ing the  cell  construction  phase  revealed  three  of 
the  four  behavior  patterns  used  by  Antrodiaetus 
for  cell  construction  (Coyle  1971).  The  dominant 
pattern  was  excavating;  burrowing  and  silk  ap- 
plication (on  the  rim  of  the  cell)  were  performed 
less  frequently;  raking  was  not  observed.  We  were 
not  able  to  observe  cell  closure  or  trapdoor  con- 
struction. The  distribution  of  the  soil  that  was 
subsequently  excavated  from  the  bottom  of  the 
lengthening  A.  isolatus  burrows  indicates  that 
these  spiders  do  not  catapult  each  excavated  pel- 
let of  soil  as  do  some  ctenizid  and  idiopid  trap- 
door spiders  (Passmore  1933;  Coyle  1981;  Coyle 
et  al.  1992),  but  instead  reach  out  from  the  en- 
trance and  drop  it;  this  excavated  soil,  mostly  in 
the  form  of  pellets  2-4  mm  in  diameter,  accu- 
mulated in  a relatively  large  pile  (15-18  mm  tall, 
30-40  mm  diameter,  and  with  center  10-20  mm 
from  threshold)  close  in  front  of  each  entrance 
threshold  on  the  horizontal  soil  surface.  In  mid- 
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Figure  38.— Outline  drawings  of  adult  female  door 
shapes  of  Aliatypus  species  using  mean  dimensions  giv- 
en in  Table  3 for  each  species;  dotted  lines  for  the  four 
erebus  group  species  illustrate  how  the  doors  of  these 
species  often  extend  laterally  beyond  the  ends  of  the 
hinge  so  that  the  functional  hinge  may  be  markedly 
shorter  than  it  appears  from  outside. 


October  many  A.  janus  burrows  at  Hume  Lake 
and  one  A.  erebus  burrow  south  of  Shaver  Lake 
were  observed  with  deposits  of  freshly  excavated 
soil  extending  downhill  from  the  ventral  sector 
of  the  entrance  rim,  soil  that  had  obviously  been 
dropped,  not  catapulted. 

Mayo  (1988)  found  that  entrance  construction 
in  A.  thompsoni  requires  two  to  several  hours 
and  involves  the  following  sequence  of  behav- 
iors: A wad  of  soil  is  dug  by  biting  into  the  bot- 
tom of  the  burrow  with  the  chelicerae,  which 
then  carry  this  soil  with  the  help  of  the  pedipalps 
as  the  spider  backs  up  the  burrow.  Just  inside 
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Figures  39-43.— A liatypus  burrow  entrances.  39,  A.  thompsoni  entrance,  Henninger  Flats,  Los  Angeles  Co., 
California;  40,  same  entrance  as  in  Fig.  39  with  door  forced  open  to  show  thin  silk  seal  and  soil  plug;  41,  inside 
view  of  hard  flattened  mud  pellets  forming  plug  against  door  of  A.  thompsoni.  Stagecoach  Road,  Santa  Ynez 
Mtns.,  Santa  Barbara  Co.,  California;  42,  A.  plutonis  entrance  (after  removal  from  burrow),  S Banning,  Riverside 
Co.,  California;  43,  same  entrance  as  in  Fig.  42  with  door  propped  open. 


the  entrance,  the  spider  pivots  to  face  out  the 
entrance  and  then  tests  the  shape  of  the  rim  by 
tapping  along  a sector  of  the  rim  with  pedipalp 
and  leg  I tarsi  until  a depression  is  detected.  It 
then  releases  its  soil  load  on  the  entrance  rim  by 
extending  (lifting)  its  chelicerae  and  flexing  and 
extending  its  pedipalps.  The  soil  load  is  then 
pressed  into  the  rim  with  the  front  (rastellar)  sur- 
faces of  the  chelicerae  while  all  four  pedipalp  and 
first  leg  tarsi  pull  soil  from  outside  the  entrance 
rim  and  compress  it  against  the  chelicerae;  this 
rim  molding  activity  is  usually  repeated  a few 
times  with  slight  shifts  to  the  right  and/or  left. 
Then  the  spider  pivots  1 80®  and  applies  silk  to 
this  area  of  the  rim  before  descending  to  the  bur- 
row bottom  and  repeating  the  sequence  just  de- 
scribed. After  building  a reinforced  rim  around 
the  entire  entrance  with  numerous  repetitions  of 
this  sequence,  the  spider  then  begins  releasing 
and  molding  soil  and  applying  silk  almost  exclu- 


sively at  the  dorsal  (upper)  sector  of  the  entrance 
rim.  This  extends  the  dorsal  sector  rim  into  a 
flap  and  eventually  a completed  door.  Door  shape 
testing,  soil  release  on  the  edge  of  the  developing 
door,  and  the  door  molding  behavior  replace  and 
are  virtually  identical  to  rim  shape  testing,  soil 
release  on  the  rim,  and  rim  molding.  Periodi- 
cally, during  the  latter  stages  of  door  construc- 
tion, the  door’s  fit  is  tested  by  pulling  it  down  to 
the  entrance  opening  and  tapping  at  gaps  be- 
tween the  door  edge  and  entrance  rim  with  ped- 
ipalp and  leg  I tarsi.  Apparently,  additional  silk 
and  soil  are  added  to  the  “completed”  door  pe- 
riodically over  the  course  of  several  days,  but 
such  activity  was  difficult  to  observe.  This  door 
construction  behavior  is  very  similar  in  both  form 
and  sequence  to  the  trapdoor  construction  be- 
havior observed  in  some  ctenizids  and  idiopids 
(Coyle  1981;  Mayo  1 988;  Coyle  et  al.  1 992).  This 
door  molding  method  also  appears  to  be  used  by 
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the  Mesothelae,  and  may  therefore,  as  suggested 
by  Coyle  et  al.  (1992),  be  the  plesiomorphic  mode 
of  door  construction  in  the  Mygalomorphae. 

Mayo  (1988)  discovered  that  A.  thompsoni 
trapdoor  construction  behavior  differs  remark- 
ably little  from  the  behavior  Antrodiaetus  uni- 
color uses  to  construct  its  collar-door.  The  form 
and  sequence  of  the  behavior  units  are  essentially 
the  same  in  both  taxa;  the  striking  difference  in 
door  form  is  the  result  of  a simple  orientation 
difference  - whereas,  after  an  initial  period  of 
entrance  rim  construction,  Aliatypus  directs 
nearly  all  of  its  construction  behavior  at  the  dor- 
sal sector  of  the  rim  (and  the  flap/door  that  con- 
sequently develops  there),  Antrodiaetus  contin- 
ues instead  to  distribute  its  efforts  evenly  to  all 
sectors  of  the  entrance  rim  and  therefore  pro- 
duces a continuous  collapsible  collar.  Mayo 
pointed  out  that  only  a simple  genetic  change 
affecting  the  neural  mechanism  controlling  the 
spider’s  orientation  just  prior  to  rim  shape  testing 
and  soil  release  would  be  sufficient  to  shift  the 
construction  product  from  a collar  to  a trapdoor 
or  vice  versa.  It  follows  that  the  evolutionary  shift 
from  collar-door  construction,  which  is  probably 
the  primitive  state  in  antrodiaetids,  to  trapdoor 
construction  in  pxoXo-Aliatypus  may  have  been 
rapid  (Coyle  et  al.  1992).  In  spite  of  their  dis- 
tinctive appearance,  trapdoors,  at  least  in  the 
antrodiaetids,  are  simply  collars  with  one  sector 
hypertrophied  and  the  rest  reduced. 

Entrance  sealing  behavior. —A  large  propor- 
tion of  individuals  of  at  least  some  Aliatypus 
species  seal  their  burrow  entrances  during  the  dry 
summer.  This  is  certainly  true  for  A.  calif  or  nicus 
(24  of  28  entrances  examined  were  sealed),  A. 
gnomus  (8  of  about  12),  A.  aquilonius  (23  of 
about  50),  and^.  thompsoni  (all  41  were  sealed). 
Observations  indicate  that  A.  gulosus  and  A.  plu- 
tonis  may  be  much  less  prone  to  seal  their  en- 
trances, but  the  data  is  scanty  for  these  and  other 
Aliatypus  species. 

Three  different  types  of  entrance  seals  have 
been  observed  in  the  genus.  One  common  sealing 
strategy  (type  A)  involves  a silk  seal  (Figs.  22, 
23,  31,  32,  48).  The  door  is  held  tightly  shut  by 
a relatively  dense  layer  of  silk  applied  to  the  un- 
dersurface of  the  door  and  the  burrow  wall  ad- 
jacent to  the  door.  This  silk  seal  is  continuous 
around  the  entire  circumference  of  the  door  and 
is  thinner  to  non-existent  in  the  center  of  the 
door  undersurface.  Considerable  force  is  neces- 
sary to  pry  the  door  up  and  away  from  this  seal. 
Another  common  type  of  entrance  seal  (type  B) 


consists  of  a silk  seal  (similar  to,  but  thinner  than, 
that  just  described)  plus  a hard  plug  of  soil  pellets 
packed  up  against  this  silk  and  the  undersurface 
of  the  door  and  adjacent  wall  surface  (Figs.  18g, 
25,  26,  39-41).  The  spider  obviously  first  seals 
the  door  shut  with  silk  and  then  presses  (probably 
with  the  front  of  the  chelicerae)  moist  excavated 
soil  pellets  up  against  the  door- wall  juncture  and 
the  door.  The  plug  thus  formed  is  concave  on  its 
inner  surface,  which  exhibits  the  outlines  of  the 
individual  flattened  pellets.  These  plugs  range 
from  0 to  6 mm  thick  in  the  center  and  are  cor- 
respondingly thicker  peripherally;  sometimes  the 
plug  is  quite  thin  or  even  open  in  the  center  if 
no  soil  has  been  attached  to  the  middle  of  the 
door  undersurface.  The  third  entrance  sealing 
strategy  (type  C)  has  been  observed  only  in  the 
Mariposa  population  of  A.  calif ornicus.  All  six 
entrances  observed  in  this  population  had  un- 
sealed doors,  but  a hard  soil  plug  was  found  1 3- 
50  mm  (mean  = 28.7  ±12.9)  below  the  door 
(Fig.  18e),  usually  where  the  burrow  narrowed. 
This  plug  is  thickest  peripherally  where  it  is  at- 
tached to  the  wall;  both  upper  and  lower  surfaces 
are  concave.  The  center  thickness  of  these  plugs 
ranged  from  1-6  mm  (mean  = 3.0  ±1.9).  In  at 
least  two  of  these  Mariposa  burrows,  delicate 
strands  of  silk  had  been  spun  irregularly  across 
the  burrow  lumen  between  the  door  and  the  plug. 

Four  species  (A.  aquilonius,  A.  erebus,  A.  tro- 
phonius,  and  A.  plutonis)  have  been  observed  to 
construct  only  type  A closures.  Two  species  (A. 
gulosus  and  A.  thompsoni)  have  been  observed 
to  construct  only  type  B closures.  Aliatypus  gno- 
mus and  A.  isolatus  construct  both  type  A and 
type  B closures,  although  A.  gnomus  appears  to 
construct  predominantly  type  B.  Aliatypus  cali- 
fornicus  is  the  only  species  we  have  found  to 
construct  all  three  types  of  entrance  closure,  but 
65%  of  the  entrance  closures  observed  in  this 
species  were  type  B.  Entrance  sealing  is  appar- 
ently less  common  in  mosX  Antrodiaetus  dmdAty- 
poides  species  and  usually  involves  only  a thin 
silk  seal,  but  at  least  two  species,  Antrodiaetus 
pugnax  and  Antrodiaetus  stygius,  employ  soil 
plugs  similar  to  the  type  B closure  of  Aliatypus 
during  dry  periods  (Coyle  1971). 

It  is  probable  that  entrance  sealing  in  Aliatypus 
serves  more  than  one  function,  but  some  evi- 
dence indicates  that  the  primary  function  is  water 
conservation.  Smith  (1908)  found  that  none  of 
the  coastal  A.  calif  or  nicus  entrances  he  observed 
were  sealed  during  the  wet  season  from  late  De- 
cember to  April,  but  that  during  the  rest  of  the 


242 


THE  JOURNAL  OF  ARACHNOLOGY 


year  entrances  were  sealed  unless  they  were  in 
especially  humid  sites  like  redwood  forest  stream 
banks.  We  have  found  sealed  entrances  only  dur- 
ing the  drier  months  of  the  year.  Differences  ob- 
served on  August  7 and  8,  1972,  between  the 
Redway-Briceland  and  Grizzly  Creek  popula- 
tions of  A.  aquilonius  also  support  this  hypoth- 
esis. The  percentage  of  sealed  burrows  at  Red- 
way-Briceland (100%,  n = 20),  where  the  soil 
was  relatively  dry,  the  spiders  small  (Coyle  1974), 
and  the  adult  female  burrows  shallow  (mean  = 
4.0  ±0.4  cm,  n = 7),  was  significantly  greater 
than  at  Grizzly  Creek  (10%,  n = 30)  where  the 
soil  was  not  so  dry,  the  spiders  larger,  and  the 
burrows  deeper  (mean  = 7.9  ±2.6  cm,  n = 9). 
It  seems  likely  that  the  type  B closure  is  more 
effective  at  preventing  water  loss  than  is  the  type 
A closure.  This  is  especially  true  in  cases  where 
the  sealed  door  has  been  tom  off  by  some  agent. 
Sixteen  A.  thompsoni  burrows  were  observed  with 
missing  doors  but  ail  of  these  burrows  had  intact 
soil  plugs  and  living  occupants.  Entrance  sealing, 
especially  the  soil  plugs  of  closure  types  B and 
C,  may  also  serve  as  a deterrent  to  predators  and 
parasites. 

The  general  tendency  for  Aliatypus  females  with 
broods  and  especially  for  molting  spiders  to  have 
sealed  entrances  is  also  consistent  with  the  idea 
that  entrance  sealing  serves  primarily  to  reduce 
body  water  loss,  because  both  spiderlings  (with 
their  high  surface  to  volume  ratio)  and  molting 
spiders  are  especially  prone  to  rapid  water  loss. 
Entrance  sealing  during  the  dry  summer  by 
brooding  females  and  juveniles  is  a standard  anti- 
desiccation adaptation  of  trapdoor  spiders  living 
in  arid  regions  (Hutchinson  1 904;  Passmore  1 933; 
Main  1957,  1978,  1987;  Buchli  1969).  In  at  least 
some  Aliatypus  species  (A.  californicus,  A.  gno- 
mus,  A.  aquilonius,  and  A.  thompsoni),  ovipo- 
sitioE,  hatching,  and  development  to  the  second 
instar  occur  typically  within  the  protection  of  a 
sealed  burrow  during  the  hot  dry  summer  period 
- a season  unfavorable  for  other  activities  (feed- 
ing, mating,  dispersal,  burrow  constmction)  ~ and 
in  time  for  the  brood  to  emerge  and  disperse  in 
the  wet  fall  or  winter  activity  period.  However, 
the  sealing  of  burrows  containing  broods  is  not 
obligatory;  some  or  all  of  the  brooding  females 
we  observed  in  the  following  species  had  un- 
sealed entrances  during  the  dry  season:  A.  gu- 
losus,  A.  aquilonius,  A.  janus,  A.  isolatus,  and  A. 
plutonis.  Moreover,  two  of  these  A.  aquilonius  fe- 
males were  observed  to  be  in  foraging  postures  at 
their  burrow  entrances  on  the  night  of  August  8. 


Burrow  repair  behavior.  --The  ability  to  quick- 
ly respond  to  burrow  entrance  damage  during 
the  dry  season  by  constmcting  a temporary  clo- 
sure has  been  observed  in  A.  thompsoni.  A ju- 
venile whose  burrow  entrance  was  removed  spun 
a thin  silk  septum  across  the  open  end  of  the 
burrow  within  several  minutes.  Another  spider, 
30  min  after  the  upper  end  of  its  burrow  had 
been  removed,  had  plugged  the  opening  with  a 
large  number  of  dry  dirt  pellets  which  it  had 
bound  together  with  silk.  This  spider  could  be 
seen  carrying,  with  its  chelicerae,  pieces  of  soil 
(which  had  probably  fallen  down  the  burrow  when 
the  upper  end  was  destroyed)  and  pushing  them 
into  this  plug.  A similar  entrance  closure  was 
constructed  in  the  laboratory  by  a penultimate 
male  which  had  been  living  in  an  open  burrow; 
this  spider  subsequently  molted  to  adulthood. 
We  observed  in  the  field  several  other  instances 
of  temporary  plug  construction  in  response  to 
entrance  destruction.  Such  behavior  may  serve 
to  reduce  the  infiltration  of  soil,  water,  and  an- 
imals, and  to  reduce  the  danger  of  desiccation. 

LIFE  HISTORY  AND  REPRODUCTIVE 
BIOLOGY 

General  life  history. —Like  other  antrodiaetids 
(Coyle  1971)  and  probably  all  other  mygalo- 
morph  spiders,  Aliatypus  species  have  life  cycles 
of  more  than  one  year,  and  adult  females  may 
live  for  years.  We  do  not  have  enough  data  to 
estimate  reliably  the  generation  time  for  any  spe- 
cies of  Aliatypus,  but  we  do  predict  that  the  large- 
bodied  species  require  at  least  two  years  more  to 
reach  maturity  than  do  the  smallest-bodied  spe- 
cies. As  data  presented  below  indicate,  mating 
in  all  species  of  Aliatypus  (with  the  possible  ex- 
ception of  A.  isolatus)  occurs  in  fall  or  winter, 
eggs  are  fertilized  and  deposited  in  the  following 
summer,  and  the  spiderlings  developing  from 
these  eggs  disperse  from  the  maternal  burrow 
that  fall.  Whereas  adult  males  cannot  molt  or 
continue  to  grow  or  construct  burrows,  and 
therefore  probably  never  survive  to  a second 
mating  season,  adult  females  are  capable  of  molt- 
ing and  reproducing  for  two  or  more  years  (it- 
eroparous),  as  evidenced  by  the  wide  range  of 
brooding  female  body  sizes  within  many  popu- 
lations. Main  (1987)  has  emphasized  that  this 
combination  of  female  longevity,  iteroparity,  and 
the  long  period  (>2  years)  required  for  males  to 
reach  adulthood  should  boost  the  chances  of  suc- 
cessful reproduction  in  very  dry  environments 
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where  reproduction  may  be  prohibited  during 
years  of  extreme  drought. 

Molting.— All  recently  molted  Aliatypus  spi- 
ders whose  entrances  were  observed  had  their 
entrances  sealed,  indicating  that  molting,  as  in 
other  antrodiaetids  (Coyle  1971),  typically  oc- 
curs in  sealed  burrows.  This  is  not  surprising 
considering  a spider’s  vulnerability  to  desicca- 
tion and  predators  while  molting.  Molting  takes 
place  near  the  bottom  end  of  the  burrow,  as  ev- 
idenced by  the  fact  that  all  intact  exuviae  found 
{n  = 9)  were  facing  toward  the  entrance  resting 
upright  on  the  ventral  sector  of  the  burrow  wall 
10--30  mm  above  the  bottom  end.  Fragmented 
exuviae  were  often  found  packed  into  the  very 
bottom  end  of  burrows.  Adult  males  do  not  frag- 
ment their  exuviae  as  thoroughly  or  pack  them 
as  tightly  into  the  burrow  bottom  as  do  females 
or  juvenile  males;  indeed  some  males  may  do 
nothing  to  their  last  exuvium. 

Male  maturation  and  emergence.— Penulti- 
mate males  are  readily  recognized  by  their  swol- 
len pedipalpal  tarsi.  One  observation  indicates 
that  these  may  even  be  swollen  in  the  ante-pen- 
ultimate instar;  an  A.  calif  or  nicus  male  collected 
at  Mariposa  in  October  1969  with  swollen  pe- 
dipalpal tarsi  and  kept  in  soil  in  a jar  molted  to 
the  penultimate  instar  in  July  1970  and  then  to 
adulthood  in  October  1971.  Since  the  spider  con- 
sumed only  two  houseflies  while  in  captivity,  and 
these  only  after  the  1970  molt,  it  is  possible  that 
abnormally  low  food  intake  delayed  maturation 
and  created  an  extra  “penultimate”  instar.  The 
rearing  to  adulthood  of  a few  males  collected  in 
the  penultimate  instar  indicates  that  this  instar 
normally  lasts  about  a year  in  the  larger-bodied 
Aliatypus  species. 

As  in  other  antrodiaetids  (Coyle  1974),  there 
appears  to  be  strong  selection  for  male  Aliatypus 
emergence  and  wandering  to  coincide  with  rainy 
weather.  The  males  of  most  Aliatypus  species 
molt  to  maturity  in  very  late  summer  and  early 
fall  and  then  emerge  from  their  burrows  in  fall 
and/or  winter  to  wander  in  search  of  mates  dur- 
ing the  rainy  season  (Fig.  44).  Although  the  data 
are  not  abundant,  at  least  some  males  of  A.  janus 
and  its  sister  species,  A.  isolatus,  may  mature 
earlier  in  the  summer  and  emerge  to  mate  earlier 
than  other  species,  before  the  onset  of  the  cold 
winters  that  the  high  elevation  populations  of 
these  species  experience.  This  tendency  of  high 
elevation  populations  to  breed  earlier  than  their 
low  elevation  relatives  has  been  observed  in  oth- 
er antrodiaetids  (Coyle  1974).  While  the  males 


of  some  species,  such  as  A.  gulosus,  A.  califor- 
nicus,  and  A.  erebus,  may  emerge  at  the  onset  of 
the  rainy  season  in  late  fall,  in  species  such  as  A. 
thompsoni,  A.  plutonis,  and  A.  torridus  emer- 
gence may  be  delayed  until  the  peak  of  the  rainy 
season  in  January  and  February.  This  later  emer- 
gence may  be  due  to  the  fact  that  these  three 
species  live  in  especially  dry  climates  where  only 
the  peak  rainfall  months  may  provide  enough 
moisture  for  wandering  males.  The  vulnerability 
of  adult  Aliatypus  males  to  dryness,  even  within 
their  own  burrows,  is  suggested  by  the  discovery 
at  Las  Barras  Canyon  on  12  October  1972  (an 
exceptionally  dry  year)  of  three  dead  (and  partly 
dried)  and  only  two  living  A.  thompsoni  males 
in  their  burrows. 

Courtship  and  mating  Aliatypus 

males,  like  most  other  mygalomorph  males  and 
unlike  females,  possess  traits  (like  proportionally 
longer  legs  and  better  developed  tarsal  scopulae) 
which  presumably  enhance  their  ability  to  travel 
overland  (Fig.  45).  The  following  observations 
of  A.  gulosus  adult  males  suggest  that  while 
searching  for  mates,  Aliatypus  males  may  survive 
for  several  weeks,  possibly  without  feeding,  and 
may  travel  considerable  distances,  that  they  may 
be  aided  in  this  search  by  a female-produced 
contact  (or  very  short  range  olfactory)  phero- 
mone associated  with  the  female  burrow,  and 
that  once  he  discovers  the  female’s  burrow  en- 
trance, the  male  may  signal  to  the  female  with 
substrate  vibrations.  One  male  collected  while  it 
was  wandering  survived  in  captivity  for  53  days 
without  accepting  available  food  and  spent  most 
of  its  last  30  days  walking  in  a terrarium.  Another 
male,  released  on  two  separate  occasions  into  jars 
where  adult  females  had  constructed  burrows 
without  doors,  “pawed”  excitedly  at  these  bur- 
row entrances  with  its  pedipalps  and  front  legs 
(but  the  females  responded  aggressively).  Yet  an- 
other male,  released  in  ajar  with  a female  burrow 
possessing  a full-formed  trapdoor,  “pawed”  ex- 
citedly around  the  trapdoor,  but  the  female  did 
not  respond.  We  suspect  that,  as  in  other  antro- 
diaetids (Coyle  1971),  the  males  of  Aliatypus 
search  for  mates  primarily  at  night. 

Although  we  have  not  ohsorvod  Aliatypus  mat- 
ing behavior,  Coyle  (1971)  developed  a hypoth- 
esis about  its  form  on  the  basis  of  an  observation 
of  mating  behavior  in  Atypoides  riversi  and  a 
comparative  analysis  of  the  morphology  of  the 
male  first  legs,  pedipalps,  and  chelicerae  in  the 
Antrodiaetidae.  Males  of  Atypoides  and  Antro- 
diaetus,  like  most  mygalomorph  males,  possess 


244 


THE  JOURNAL  OF  ARACHNOLOGY 


Figure  44.= Timing  of  male  maturation  and  wandering  in  Aliatypm  species  as  represented  by  frequency 
histograms  of  all  available  adult  male  collection  dates.  Records  grouped  into  half  month  periods.  Diagonal 
stripes  represent  adult  males  collected  before  exiting  from  their  burrows.  Solid  black  represents  adult  males 
collected  after  leaving  their  burrows.  Vertical  lines  represent  adult  males  collected  either  before  or  after  aban- 
doning their  burrows;  inadequate  data  with  specimen.  Empty  rectangles  represent  dates  on  which  penultimate 
males  molted  to  maturity  in  captivity.  Numbers  indicate  the  five  wettest  months  ranked  from  1 (least  wet)  to 
5 (wettest). 


pedipalps  of  moderate  length  and  mating  clasp- 
ers  (cheliceral  apophyses  in  Atypoides,  leg  I struc- 
tures in  Antrodiaetus)  which  hold  the  female  to 
help  position  the  partners  for  palpal  insertion 
and  protect  the  male  from  attack  (Coyle  1971, 
1986b).  The  unusually  elongate  pedipalps  of  Al- 
iatypus  males,  in  concert  with  an  absence  of  mat- 
ing claspers,  suggests  that  these  males  copulate 


by  contacting  the  female  only  lightly  and  at  a 
distance  with  the  first  legs,  and  use  their  long 
pedipalps  to  reach  the  unusually  great  distance 
to  her  genital  opening.  We  further  suggest  that 
by  forgoing  the  practice  of  lifting  the  front  of  the 
female  a practice  widespread  among  mygalo- 
morphs  with  mating  claspers  - this  hypothesized 
strategy  might  permit  copulation  within  the  bur- 
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Figures  45-50.  --Aliatypus  male  and  egg  sacs.  45,  adult  male  of  A.  janus  from  Y osemite  National  Park,  Mariposa 
Co.,  California;  46,  bottom  of  A.  gnomus  burrow  with  egg  sac,  Henry  Cowell  Redwood  State  Park,  Santa  Cruz 
Co.,  California;  47,  top  view  of  A.  californicus  egg  sac  showing  how  it  occludes  burrow  lumen,  same  burrow  as 
in  Fig.  24;  48,  exposed  burrow  of  adult  female  A.  aquilonius  with  egg  sac,  door  forced  open  to  show  silk  entrance 
seal,  photographed  from  below,  1.4  mi  W Redway,  Humboldt  Co.,  California;  49,  bottom  end  of  exposed  A. 
gulosus  burrow  with  female  in  defensive  position  above  egg  sac.  Salt  Creek,  Orange  Co.,  California;  50,  same 
burrow  as  in  Fig.  49  with  soil  and  outermost  silk  peeled  away  to  expose  egg  sac  and  prey  remains  packed  into 
very  end  of  burrow. 


row  and  thereby  reduce  the  chance  of  being  de- 
tected by  predators.  We  predict  that  other  trap- 
door spiders  with  such  atypically  long  male  ped- 
ipalps  ~ some  Actinopus  species  (Koch  1842), 
Stasimopus  robertsi  Hewitt  (Hewitt  1916),  Het- 
eromigas  terraereginaeRdLYon  (Raven  1 984),  and 
Plesiolena  bonneti  (Zapfe)  (Zapfe  1961;  Goloboff 
& Platnick  1987),  to  name  examples  from  three 
families  - will  also  be  found  to  lack  mating  clasp- 
ers  and  employ  a copulation  strategy  similar  to 
that  hypothesized  for  Aliatypus. 

Oviposition  and  egg  sac  structure.— Egg  sacs 
have  been  observed  in  all  Aliatypus  species  ex- 
cept A.  janus,  A.  erebus,  and  A.  trophonius,  and 
are  remarkably  similar  in  form  and  placement 


throughout  the  genus.  The  brief  description  of 
Aliatypus  egg  sacs  given  by  Coyle  ( 1 97 1 ) is  most- 
ly erroneous,  having  been  based  upon  fragmen- 
tary field  notes  and  egg  sacs  preserved  in  alcohol. 
Unlike  the  semi-lenticular  egg  sac  of  Antrodiae- 
tus  and  Atypoides  which  is  broadly  attached  to 
the  burrow  wall  0.4-0. 8 of  the  distance  down  the 
burrow,  the  Aliatypus  egg  sac  is  a pendulous  bag 
attached  to  the  burrow  wall  in  the  bottom  part 
of  the  burrow  so  that  its  bottom  end  is  suspended 
2-50  mm  (usually  less  than  20  mm)  above  the 
end  of  the  burrow  (Figs.  18d,  24,  46-50).  Both 
the  deeper  placement  of  the  Aliatypus  egg  sac  (in 
the  coolest  and  most  humid  part  of  the  burrow) 
and  its  structure  may  be  adaptations  to  prevent 
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Table  4.  Clutch  (brood)  size,  egg  diameter,  and  female  carapace  length  of  Aliatypus  species.  Only  clutches 
which  were  complete  (all  eggs  or  spiderlings  were  collected)  are  used  in  this  table.  Ten  eggs  measured  per  brood. 
Adult  female  carapace  length  data  from  Coyle  (1974);  range,  sample  size  (in  parentheses),  mean,  and  standard 
deviation  given. 


Clutch  size 

Egg  diameter  (mm) 

n 

(broods) 

Range 

Mean  and  SD 

n 

(broods)  Range 

Mean 

Carapace  length 
(mm) 

gulosus 

8 

58=^180 

106.0  ± 45.4 

2 

L18-=1.37 

1.31 

4.8-=7.7  (27) 
6.07  ± 0.65 

caiifornicus 

16 

49--267 

115.6  ± 58.9 

3 

L33--1.52 

1.40 

5.4^8.0  (44) 
6.66  ± 0.68 

gnomus 

4 

lT-29 

23.0  ± 6.5 

L22-=1.41 

1.32 

3.5=A.2  (4) 
3.77 

aquilonius 

12 

8--64 

24.7  ± 18.7 

4 

1.07^1.33 

1.18 

2.8-^5.9  (26) 
3.96  ± 0.84 

janus 

5J--8.9  (25) 
6.62  ± 0.92 

isolatus 

3 

63-73 

68.7  ± 4.2 

3 

L22~-L55 

1.44 

4.6-83  (10) 
5.71  ± 1.05 

thompsoni 

10 

64-233 

124.6  ± 48.7 

7 

L15-=1.67 

1.42 

4.8™7.9  (66) 
6.28  ± 0.60 

erebus 

1 

195 

6.2^10.0  (24) 
7.78  ± 1.01 

trophonius 

4 

23-58 

33.8  ± 14.4 

3.5-5.2  (10) 
4,38  ± 0.55 

plutonis 

4 

7(U104 

84.0  ± 14.9 

6.0-7.9  (8) 
6.68  ± 0.53 

torridus 

2 

122,  136 

129.0 

L26--L44 

1.37 

5.5^.5  (8) 
6.10  ± 0.32 

desiccation  and  overheating  of  the  eggs  and  spi- 
derlings. The  sac  is  slightly  narrower  than  the 
burrow  lumen  and  is  as  long  or  longer  than  it  is 
wide.  It  is  suspended  by  a multitude  of  fine  silk 
lines  attached  to  the  surrounding  wall  surface  on 
all  sides.  The  upper  part  of  the  egg  sac  is  covered 
by  a concave  lid  of  silk  that  spans  and  occludes 
the  burrow  lumen  and  thus  might  act  in  part  as 
a moisture  barrier  to  help  maintain  higher  hu- 
midity in  the  burrow  bottom  around  the  devel- 
oping brood.  If  the  middle  of  this  lid  is  grasped 
with  forceps  and  pulled  up  and  away  from  the 
sac,  it  parts  rather  easily  and  cleanly  from  the 
bag  portion  of  the  sac  and  exposes  the  eggs  con- 
tained in  the  bag.  This  indicates  that  the  spider 
first  constructs  the  open-topped  bag  in  position 
just  above  the  burrow  bottom,  places  the  eggs  in 
it  from  above,  and  then  spins  a sheet  of  silk 
across  the  burrow  lumen  against  the  top  of  the 
egg  cluster  and  the  bag.  So  the  behaviors  in- 
volved in  building  this  sac  are  basically  the  same 
as  those  Antrodiaetus  and  diplurids  use  (Coyle 


1 97 1 , 1 988);  it  is  basically  a lenticular  (ancestral) 
sac  that  has  been  reoriented  about  90®  to  span 
the  burrow  lumen  and  has  become  much  thicker. 
The  egg  sac  silk  appears  completely  homoge- 
neous both  in  color  and  texture.  Captive  Alia- 
typus females,  like  those  of  other  mygalomorphs 
we  have  kept  in  captivity  {Aptostichus,  Bothrio- 
cyrtum,  Aphonopelma,  and  Thelechoris),  some- 
times consume  their  eggs,  which  may  be  a com- 
mon response  of  iteroparous  females  to  recycle 
eggs  that  are  either  threatened  by  unfavorable 
conditions  or  have  not  been  fertilized  (Passmore 
1933;  Baerg  1958;  Willey  & Coyle  1992). 

Fecundity  and  egg  size.— All  data  on  the  tim- 
ing of  brood  development  (Fig.  5 l)are  consistent 
with  the  conclusion  that  Aliatypus  females  pro- 
duce no  more  than  one  clutch  per  year.  Since  in 
some  populations  we  found  large  numbers  of  non- 
gravid  broodless  adult  females  alongside  females 
with  broods,  and  since  it  is  unlikely  that  all  of 
these  broodless  females  were  newly  adult  and 
approaching  their  first  breeding  season,  it  is 
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Figure  51. -“Timing  of  brood  development  in  Aliatypus  species  as  represented  by  frequency  histograms  of 
collection  dates  of  broods  and  gravid  females.  Records  grouped  into  one-third  month  periods.  Empty  boxes 
represent  gravid  females  (those  with  developing  eggs  readily  visible  through  the  abdominal  wall).  Vertical  lines 
represent  egg  sacs  with  eggs.  Cross-hatching  represents  broods  that  are  hatching.  Stippling  represents  first  instar 
broods.  Diagonal  stripes  represent  broods  with  both  first  and  second  instar  spiderlings.  Solid  black  represents 
second  instar  broods. 


probable  that  adult  females  sometimes  forgo  re- 
production during  a year,  perhaps  even  repro- 
ducing every  other  year,  as  does  the  Australian 
trapdoor  spider  Anidiops  villosus  (Rainbow) 
(Main  1978).  Table  4 presents  the  clutch  and  egg 
size  data  for  the  ten  Aliatypus  species  that  have 
yielded  such  data.  Clutch  size  varies  widely  with- 


in each  of  the  four  species  represented  by  sample 
sizes  of  eight  or  more.  The  correlation  between 
carapace  length  and  clutch  size  is  very  weak  (0.27- 
0.42)  in  three  of  these  four  species,  indicating 
that,  within  species,  factors  such  as  nutritional 
state  are  often  better  predictors  of  reproductive 
output  than  is  body  size.  The  exceptional  species. 
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A.  aquilonius,  exhibits  strong  congruent  geo- 
graphic variation  in  body  size  and  clutch  size; 
the  Grizzly  Creek  sample  has  significantly  {P  < 
0.01)  larger  females  with  significantly  larger 
clutches  (20-64,  mean  = 37.5  ± 1 8.9,  « = 6)  than 
the  Redway-Briceland  sample  (8-1 8,  mean  =11.8 
±4.4,  n = 6). 

When  all  species  are  assessed  together,  the  cor- 
relation between  carapace  length  and  clutch  size 
is  stronger  (0.77);  the  three  small-bodied  species 
{A.  gnomus,  A.  aquilonius,  and  A.  trophonius) 
have  significantly  smaller  broods  than  do  the 
large-bodied  species  (P  < 0.01).  It  appears  that 
small  adult  body  size  has  evolved  independently 
in  each  of  these  three  species  (Coyle  1994).  Pre- 
sumably selection  for  small  body  size  caused  a 
large  reduction  in  clutch  size  (and  probably  fe- 
cundity) because  of  the  reduced  biomass  avail- 
able in  a small  body  for  egg  production  and  be- 
cause of  constraints  limiting  selection  for  re- 
duced egg  volume.  The  scanty  data  suggest  that 
one  of  these  small  species,  A.  aquilonius,  may 
have  evolved  slightly  smaller  eggs  than  some  spe- 
cies {A.  californicus,  A.  isolatus,  and  A.  thomp- 
soni;  P < 0.0 1 ) and  thereby  boosted  its  fecundity. 
It  is  tempting  to  suggest  that  this  shift  may  have 
been  permitted  by  the  beneficial  (compensatory) 
effects  of  the  wetter  climate  and  thicker  doors 
characteristic  of  this  species  on  the  survivability 
of  these  smaller  spiderlings,  which  because  of 
their  higher  surface  to  volume  ratio,  would  be 
particularly  prone  to  desiccation.  While  an  ex- 
tension of  this  argument  would  predict  selection 
for  eggs  larger  than  the  genus  norm  in  species 
like  A.  torridus  which  live  in  very  dry  habitats, 
the  limited  data  (Table  4)  do  not  conform  to  this 
prediction.  Clutch  and  egg  sizes  of  Aliatypus  spe- 
cies are  comparable  to  those  of  Antrodiaetus  and 
Atypoides  species  (Coyle  1974),  but  quite  differ- 
ent from  those  of  the  arid-adapted  Australian 
aganippine  trapdoor  spiders  (Main  1957).  Even 
though  they  are  equally  large  or  larger  spiders, 
the  aganippines  have  much  smaller  clutches  (1 1- 
127)  than  do  the  medium  to  large  size  Aliatypus 
species,  in  part,  at  least,  because  aganippine  eggs 
are  much  larger  (mean  diameter  = 1.87-4.14 
mm). 

Pattern  and  timing  of  early  postembryonic  de- 
velopment. — Postembryonic  development  in  Al- 
iatypus follows  the  same  pattern  as  in  Antro- 
diaetus and  Atypoides  (Coyle  1971).  This  con- 
clusion is  based  upon  close  examination  of  all 
Aliatypus  broods  collected,  including  any  accom- 
panying shed  chorions,  embryonic  cuticles,  and 
exuviae.  The  dark  egg  teeth,  segmentation,  and 


appendages  of  the  late  embryo  are  visible  through 
the  chorion.  During  hatching,  first  the  chorion 
splits  anteriorly  and  begins  to  peel  back  over  the 
abdomen,  then  the  embryonic  cuticle  splits,  and 
finally  the  chorion  and  cuticle  are  shed  together, 
remaining  attached  to  one  another.  The  rela- 
tively few  broods  (four)  preserved  in  the  process 
of  hatching  and  the  fact  that  fewer  than  10%  of 
the  individuals  in  each  of  these  broods  were  ac- 
tually in  the  process  of  shedding  the  chorion  or 
embryonic  cuticle,  indicate  that  the  hatching 
process  is  brief.  The  embryonic  cuticle  is  very 
thin  and  transparent,  lacks  setae,  has  blunt,  non- 
functional chelicerae,  and  possesses  a dark,  sharp 
egg  tooth  at  the  base  of  each  pedipalp.  The  first 
instar  spiderling  [=  “first  free  postembryonic 
stage”  of  Holm  (1954),  “deutovum”  of  Yosh- 
ikura  (1955,1958),  “second  postembryonic  stage” 
of  Galiano  (1972)]  which  emerges  from  beneath 
the  embryonic  cuticle  possesses  several  tarsal  se- 
tae, has  no  rastellum,  has  conical  rudimentary 
fangs  with  two  or  three  sharp  subterminal  pro- 
jections, has  one  spinneret  spigot  on  the  ventral 
surface  of  each  posterior  lateral  spinneret  [Coyle 
(1971)  previously  overlooked  the  homologous 
spigots  present  in  first  instar  Antrodiaetus  uni- 
color spiderlings  (Bond  1994)],  is  unpigmented 
except  for  slowly  developing  pigment  around  the 
eyes,  and  can  move  about  only  slowly.  The  sec- 
ond instar  spiderling  has  fully  functional  ap- 
pendages, a rastellum,  functional  fangs,  numer- 
ous spinneret  spigots,  abundant  setae,  and  body 
pigmentation.  It  can  move  about  quickly,  spin  a 
dragline,  construct  a burrow  and  trapdoor,  and 
presumably  even  capture  prey. 

Data  shedding  light  upon  the  timing  of  brood 
development  in  Aliatypus  species  are  summa- 
rized in  Figure  5 1 . The  few  broods  found  in  the 
process  of  molting  indicate  that  molting,  like 
hatching,  is  a short-lived  process  for  individual 
spiderlings  and  is  closely  synchronized  within  a 
brood.  It  appears  that  females  are  gravid  (with 
developing  cream-colored  eggs  visible  through 
the  ventral  abdominal  wall  when  alive)  during 
the  spring  and  summer,  eggs  are  laid  in  June  or 
July  (often  within  sealed  burrows),  and  nearly  all 
broods  have  developed  to  the  second  instar  by 
mid-October  if  not  earlier. 

Spiderling  emergence  and  dispersal.— The  fol- 
lowing observations  indicate  that  Aliatypus  spi- 
derlings may  be  dependent  upon  assistance  from 
the  mother  to  escape  from  the  egg  sac:  1)  An  A. 
torridus  egg  sac  was  reared  in  captivity  in  iso- 
lation from  its  mother,  and  although  the  eggs 
developed  to  fully  sclerotized  second  instar  spi- 
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derlings,  the  spiderlings  did  not  emerge.  2)  In  the 
Sequoia  National  Park  population  of  A.  janus, 
two  females  were  collected  with  first  instar  broods 
already  outside  of  the  egg  sac  despite  appearing 
ill-equipped  to  force  their  way  out  of  an  egg  sac. 
3)  In  early  October  two  egg  sacs  containing  first 
instar  spiderlings  were  observed  hanging  loosely 
from  the  walls  of  an  A,  thompsoni  and  an  A. 
plutonis  burrow;  these  sacs  must  have  been  ma- 
nipulated by  their  mothers.  4)  In  all  those  Al~ 
iatypus  burrows  we  have  examined  that  had 
broods  which  had  emerged  from  the  egg  sac,  the 
sac  was  either  totally  destroyed  or  pushed  flat 
against  the  bottom  of  the  burrow,  indicating  that 
the  mother  grossly  manipulates  the  sac  soon  af- 
ter, if  not  during,  spiderling  emergence. 

Not  enough  collecting  was  done  in  the  winter 
months  to  indicate  clearly  when  the  second  instar 
spiderlings  abandon  the  parental  burrow,  but  it 
is  probable  that  for  most  species  this  occurs  dur- 
ing the  wet  season  in  late  fall  and  winter  when 
the  danger  of  desiccation  is  low  and  the  soil  is 
moist  and  soft  enough  for  burrow  construction. 
This  would  be  consistent  with  Main’s  (1957) 
findings  that  the  spiderlings  of  arid-adapted 
aganippine  trapdoor  spiders  disperse  right  after 
the  onset  of  the  rainy  season.  The  discovery  of 
several  incomplete  second  instar  A.  gulosus 
broods  (with  fewer  than  30  spiderlings  each)  in- 
side unsealed  maternal  burrows  in  November 
and  December,  during  the  early  part  of  the  wet 
season,  supports  this  conclusion.  Evidence  sug- 
gests that  A.  janus  broods,  especially  those  at 
higher  elevations,  may  disperse  even  earlier;  on 
August  1 4 at  Sequoia  National  Park  only  six  (sec- 
ond instar)  spiderlings  were  found  remaining  in- 
side an  unsealed  maternal  burrow,  and  no  spi- 
derlings were  found  in  any  of  the  adult  female 
A,  janus  burrows  collected  during  October  and 
November  at  several  localities.  Dispersing  and 
constructing  burrows  before  the  cold  winter 
weather  experienced  by  the  higher  elevation  pop- 
ulations of  this  species  differs  from  the  strategy 
of  second  instar  Antrodiaetus  unicolor  spider- 
lings, which  overwinter  in  the  protection  of  the 
maternal  burrow  and  disperse  in  the  spring  (Coyle 
1971).  We  have  seen  no  evidence  that  Aliatypus 
spiderlings  ever  remain  in  the  maternal  burrow 
beyond  the  first  dispersal  season,  as  do  broods 
of  some  other  trapdoor  spiders  (Buchli  1969; 
Marples  & Marples  1972;  Main  1976;  Icenogle 
pers.  obs.). 

It  is  not  likely  that  Aliatypus  spiderlings  bal- 
loon, for,  as  is  also  the  case  in  other  antrodiaetids 
(Coyle  1971),  Aliatypus  burrows  tend  to  be  ag- 


gregated and  small  juvenile  burrows  are  often 
numerous  within  20  cm  of  adult  female  burrows. 
Mygalomorphs  which  balloon,  like  some  atyp- 
ids,  Ummidia,  and  Missulena,  exhibit  much  less 
burrow  clustering  (Coyle  1983,  1985;  Main  1987; 
Schwendinger  1990).  When  removed  from  their 
mother’s  burrow  and  placed  on  soil  in  captivity, 
A.  thompsoni  second  instar  spiderlings  ran  quick- 
ly, spun  draglines  at  least  part  of  the  time,  and 
constructed  burrows  with  trapdoors  2 mm  wide. 

FEEDING  BEHAVIOR 

Prey  capture  behavior. —Field  observations  of 
prey  capture  in  A.  aquilonius  and  laboratory  ob- 
servations of  prey  capture  in  A.  calif ornicus,  A. 
isolatus,  and  A.  thompsoni  living  in  burrows  built 
in  captivity  indicate  that  the  foraging  posture  and 
prey  capture  response  of  Aliatypus  are  similar  in 
form  to  that  described  for  Antrodiaetus  (Coyle 
1971,  1986a).  Capture-ready  spiders,  which  we 
have  observed  only  in  the  evening  and  at  night, 
are  positioned  just  inside  the  entrance  with  their 
venters  close  to  the  ventral-most  sector  of  the 
burrow  wall  and  with  the  tarsi  of  the  pedipalps 
and  legs  I and  II  resting  on  the  entrance  rim  just 
inside  the  slightly  opened  door.  Like  Antrodiae- 
tus (Coyle  1971,  1986a),  Aliatypus  detect  and 
locate  prey  only  on  the  basis  of  substrate  vibra- 
tions generated  by  the  prey  and  sensed  by  mech- 
anoreceptors;  vision  and  chemoreception  are  not 
involved.  Sometimes  a strike  can  be  elicited  from 
a spider  that  is  behind  a completely  closed  door. 
Aliatypus  strikes  are  triggered  only  when  the  prey 
(or  another  vibration  generator)  is  within  5 mm 
of  the  entrance  rim.  Often  the  prey  must  touch 
the  rim  or  door  edge  before  the  spider  will  strike. 
During  the  capture  response,  the  spider  lunges 
out  of  the  entrance  toward  the  prey  and  extends 
its  pedipalps  and  legs  I and  (often)  II  out  to  con- 
tact and  pin  down  the  prey  against  the  substrate. 
Legs  III  and  IV  remain  within  the  burrow.  As 
the  pedipalps  and  legs  drag  the  prey  inward  to- 
ward the  spider’s  body,  the  extended  chelicerae 
(and  fangs)  flex  downward  against  the  prey  to 
help  secure  it.  The  prey  is  then  pulled  down  into 
the  burrow  and  the  door  closes  automatically 
behind.  The  strike  duration  (time  from  first  door 
movement  to  contact  with  prey)  of  four  filmed 
Aliatypus  prey  captures  ranged  from  0.03-0. 1 3 s 
and  averaged  0.06  s,  while  the  seizure  duration 
(time  from  end  of  strike  to  the  beginning  of  the 
spider’s  retreat  into  the  burrow  with  the  prey)  of 
the  same  captures  ranged  from  0.22-0.44  s and 
averaged  0.28  s. 

Coyle  (1986a)  performed  a study  which  indi- 
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cates  that  Aliatypus  trapdoor  entrances  permit 
less  effective  foraging  than  Antrodiaetus  collar 
doors.  The  presentation  of  a standard  substrate 
vibration  stimulus  to  capture-ready  spiders  re- 
vealed a significantly  {P  < 0.05)  lower  prey  cap- 
ture effectiveness  (as  measured  by  the  percent  of 
stimuli  resulting  in  accurate  strikes)  for  Aliatypus 
species  (A.  californicus,  A.  isolatus,  and  A. 
thompsoni)  than  for  Antrodiaetus  unicolor.  Even 
though  both  taxa  were  about  equally  effective  in 
responding  accurately  to  stimuli  presented  at  the 
ventral  half  of  the  entrance  circumference  and 
the  response  effectiveness  of  both  was  lower  for 
dorsal  sector  stimuli,  the  propensity  to  strike,  the 
strike  accuracy,  and  the  percent  of  stimuli  re- 
sulting in  accurate  strikes  at  the  dorsal  sector  of 
the  entrance  were  significantly  {P  < 0.01)  lower 
for  Aliatypus  than  for  A.  unicolor.  Apparently 
Aliatypus  is  programmed  to  be  very  reluctant  to 
strike  at  substrate  vibrations  generated  near  the 
trapdoor  hinge,  probably  because  the  hinge  de- 
creases the  probability  that  such  a strike  will  be 
successful  and  may  be  vulnerable  to  damage  dur- 
ing such  strikes. 

Diet.— In  most  species  of  Aliatypus  we  found 
fragmented  prey  exoskeletons  packed  into  the 
bottom  end  of  many  of  the  burrows  we  exca- 
vated. These  trash  deposits  were  up  to  10  mm 
deep  in  some  A.  gulosus  burrows  (Fig.  50).  Since 
hard  exoskeletons  were  fragmented  less  and  were 
thus  easier  to  locate  and  identify  than  softer  ones, 
it  is  probable  that  the  following  list  of  prey  re- 
mains is  greatly  biased  in  favor  of  hard-bodied 
taxa.  Beetles  were  the  most  common  prey  in  these 
trash  deposits;  included  were  tenebrionids,  car- 
abids,  weevils,  coccinellids,  and  a flightless  tiger 
beetle.  Ants  and  isopods  were  the  next  most  com- 
mon taxa  in  these  deposits.  Fragments  of  isopods 
were  especially  abundant  in  A.  gulosus  burrows 
(Fig.  50)  at  Salt  Creek.  Ant  remains  were  unusu- 
ally plentiful  in  A.  janus  burrows  at  both  Hume 
Lake  and  Mammoth  Lakes.  Twenty-six  ant  heads 
were  packed  into  the  bottom  end  of  one  of  these 
adult  female  A.  janus  burrows.  Other  prey  frag- 
ments found  in  Aliatypus  burrows  were  those  of 
parasitoid  wasps,  a hemipteran,  a mutillid  wasp, 
and  a spider.  Captive  Aliatypus  will  consume  a 
wide  variety  of  insects;  one  immature  male  A. 
janus  consumed  13  de-winged  houseflies,  two 
small  Jerusalem  crickets,  one  fruit  fly,  and  a noc- 
tuid  moth  caterpillar  during  a six  month  period. 
The  ability  of  a juvenile  A.  californicus  male  to 
survive  in  captivity  without  feeding  for  1 8 months 
before  resuming  prey  capture  indicates  that,  like 


many  other  mygalomorphs  (Hutchinson  1904; 
Passmore  1933;  Baerg  1958;  Main  1987),  Alia- 
typus spiders  are  adapted  to  survive  for  very  long 
periods  of  food  shortage,  which  may  be  partic- 
ularly common  during  their  long  dry  summers. 

PREDATORS  AND  PARASITES 

In  spite  of  our  failure  to  rear  most  of  the  par- 
asitoids  we  collected  to  adulthood  and  to  obtain 
species-  or  genus-level  identifications  of  juvenile 
parasitoids  and  other  potential  predators  or  par- 
asites, our  studies  show  that  pompilid  wasps  are 
among  the  most  common  enemies  of  Aliatypus 
spiders.  Three  A.  isolatus  spiders  collected  in  the 
Santa  Catalina  Mountains  on  7 July  1972  had 
each  been  attacked  by  pompilid  wasps.  Two  of 
these  spiders,  whose  burrows  were  only  15  cm 
apart,  had  been  eaten,  and  their  parasites  had 
pupated  in  the  bottom  of  the  host’s  burrow.  One 
of  these  wasps,  a female  pupa  of  Aporus  notabilis 
pulchritarsis  Cameron  in  her  19  mm  long  co- 
coon, matured  later  in  captivity.  The  other  wasp 
may  have  been  killed  by  a hyperparasite  (a  chal- 
cid  wasp?),  as  evidenced  by  a small  hole  in  the 
side  of  its  cocoon.  The  third  spider,  an  ante- 
penultimate or  penultimate  male,  was  found 
halfway  down  its  burrow  and  was  paralyzed  with 
a pompilid  larva  attached  to  its  abdomen.  At 
Fallbrook,  six  uninhabited  burrows,  at  least  some 
of  which  belonged  to  A.  plutonis  spiders,  each 
contained  a 12-=  15  mm  long  cocoon  from  which 
a pompilid  wasp  had  emerged.  Similarly,  within 
a 2 X 3 m area  at  Salt  Creek  in  November,  three 
medium  sized  burrows,  at  least  one  of  which 
belonged  to  an  gulosus  spider,  each  contained 
an  empty  pompilid  cocoon.  At  Mount  Diablo  on 
10  June  a 12  mm  long  pompilid  cocoon  was 
found  in  the  bottom  of  a burrow  with  the  remains 
of  an  erebus  spider.  Sometime  before  26  Sep- 
tember a bombiliid  fly  pupa  cut  its  way  out  of 
this  cocoon,  presumably  using  the  hom-like  pro- 
jections on  its  head  to  make  an  exit  opening  quite 
similar  to  those  which  pompilid  wasps  cut  with 
their  mandibles.  Although  this  pupa  died  before 
molting,  it  was  identified  as  belonging  to  the  sub- 
family Exoprasopinae,  probably  the  genus  Villa. 

Parasitoid  flies  of  the  acrocerid  genus  Eulon- 
chus  appear  to  be  equally  important  enemies  of 
Aliatypus  spiders.  An  acrocerid  larva  is  recog- 
nizable as  a large  cream-colored  oblong  object 
visible  through  the  living  host’s  abdominal  in- 
tegument, usually  on  one  side  near  the  book  lungs. 
The  host’s  abdomen  is  typically  not  distorted 
until  the  larva  is  about  to  emerge.  In  October  of 
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1970  the  Alum  Rock  Park  population  of  A.  cal- 
ifornicus  hosted  within  a 2 x 6 m area  a rather 
dense  population  of  acrocerid  flies,  at  least  some 
of  which  were  the  metallic  blue  species  Eulon- 
chus  tristis  Loew.  Each  of  seven  small  to  medium 
sized  juvenile  spiders  hosted  an  acrocerid  larva 
appearing  to  occupy  about  one-half  of  its  ab- 
domen; three  other  medium  sized  burrows  con- 
tained acrocerid  pupal  exoskeletons;  and  another 
much  larger  burrow  (probably  that  of  an  adult 
female)  contained  parts  of  an  adult  E.  tristis.  An 
acrocerid  larva  was  found  in  the  abdomen  of  a 
juvenile  A.  janus  in  October  at  Mammoth  Lakes 
at  an  elevation  of  2650  m.  Four  Nevada  City  A. 
erebus,  three  juveniles  and  one  adult  female,  were 
collected  within  a 6 x 6 m area  in  early  October 
each  with  an  acrocerid  larva  in  its  abdomen. 
When  these  spiders  were  kept  in  captivity,  the 
larva  killed  the  adult  female  and  emerged  and 
pupated  on  the  wall  of  her  burrow  in  mid-Feb- 
ruary, and  the  adult  Eulonchus  fly  (very  pubes- 
cent and  with  a long  proboscis,  a metallic  green 
thorax,  and  a metallic  purple  abdomen)  emerged 
from  the  pupal  skin  on  7 March.  The  three  ju- 
venile spiders  and  their  parasitoid  larvae  died 
within  a few  weeks  of  capture  but  one  of  these 
spiders  was  able  to  construct  a burrow  and  trap- 
door and  capture  prey  before  it  died.  An  adult 
female  A.  trophonius  collected  near  Soquel  in 
October,  its  abdomen  nearly  filled  with  an  ac- 
rocerid larva,  was  kept  alive  in  captivity  for  a 
year  before  it  died;  the  larva  did  not  emerge.  Our 
observations  are  consistent  with  a pattern  of 
springtime  emergence  for  Eulonchus  adults  in 
California;  emergence  at  this  season  would  avoid 
the  problem  of  emerging  from  plugged  host  bur- 
rows and  facilitate  the  finding  of  flowers  by  these 
nectivorous  flies.  To  date,  Eulonchus  species  are 
only  known  to  attack  Aliatypus,  Antrodiaetus, 
drndAtypoides  ^pQcm^  as  well  as  the  crytaucheniid 
trapdoor  spider  genus  Aptostichus  (Coyle  1971; 
Schlinger  1987;  Vincent  1986). 

Some  evidence  implicates  2iddiXiond\Aliatypus 
enemies.  Some  mites  were  observed  in  the  tho- 
racic grooves  of  two  A.  calif ornicus  adult  females 
4.5  mi  N Soquel  in  early  August  by  the  first 
author,  but  since  these  mites  have  been  lost,  it 
is  not  known  whether  they  are  parasites  or  com- 
mensals. A 5 mm  long  larva,  which  was  identi- 
fied as  an  asilid  fly  but  has  since  been  lost,  was 
found  beside  the  shriveled  abdomen  of  a recently 
molted  dead  adult  male  A.  thompsoni  in  the  bot- 
tom of  its  burrow  on  2 October  at  Chatsworth, 
suggesting  that  the  larva  may  have  attacked  and 


fed  upon  the  especially  vulnerable  male.  An 
abundance  of  small  mammal  burrows  and  the 
associated  destruction  of  the  burrows  of  A.  janus, 
A.  erebus,  and  other  mygalomorphs  at  Pinehurst 
suggest  that  burrowing  gophers,  mice,  moles,  or 
shrews  may  seriously  damage  Aliatypus  burrows 
or  even  eat  the  spiders.  Aliatypus  males  wan- 
dering (noctumally?)  in  search  of  receptive  fe- 
males are  vulnerable  to  certain  nocturnal  pred- 
ators, especially  other  trapdoor  spiders  (includ- 
ing unreceptive  conspecific  females).  Remains  of 
two  A.  janus  males  were  collected  after  one  had 
been  killed  and  eaten  by  a medium  sized  Aptos- 
tichus spider  at  Woodlake  in  November  and  the 
other  by  an  adult  female  A.  janus  at  Sequoia 
National  Park  in  August.  A recently  dead  male 
of  A.  californicus  was  found  suspended  in  a La- 
trodectus  web  on  a roadbank  at  Aukum  in  No- 
vember. Dispersing  Aliatypus  spiderlings  are 
probably  often  captured  by  other  predaceous 
ground-dwelling  arthropods,  particularly  older, 
juvenile,  burrow-dwelling  mygalomorph  spi- 
ders, including  conspecifics,  as  was  observed  by 
Decae  (1986)  for  the  trapdoor  spider  Cyrtocar- 
enum  cunicularium  Olivier. 

DEFENSIVE  BEHAVIOR 

A secondary  function  served  by  entrance  seal- 
ing behavior  may  be  defense.  The  type  B en- 
trance closure  (silk  seal  plus  soil  plug,  Fig.  1 8g) 
might  be  an  especially  effective  deterrent  to  some 
enemies.  It  is  remarkable  that  although  large 
numbers  of  A.  thompsoni  spiders  have  been  col- 
lected, and  some  of  these  (16  juveniles  and  one 
male)  in  the  Tehachapi  Mountains  and  at  Chat- 
sworth had  lost  their  trapdoors,  no  evidence  of 
predation  or  parasitism  has  been  found  in  this 
species.  Perhaps  this  low  incidence  of  predation 
and  parasitism  in  A.  thompsoni  is,  in  part,  the 
result  of  this  species’  almost  total  commitment 
to  type  B entrance  sealing  during  the  dry  part  of 
the  year.  In  addition  to  serving  as  a physical 
barrier  against  parasitoids,  the  type  C soil  plug 
(Fig.  1 8e)  might  also  deter  pompilid  wasp  attacks 
by  causing  the  burrow  entrance  chamber  to  re- 
semble an  empty  bottom  chamber. 

Only  two  instances  of  door-holding  defensive 
behavior  have  been  observed  in  this  genus,  both 
involving  A.  aquilonius.  When  two  brooding  fe- 
males were  disturbed  at  their  burrow  entrances 
while  in  foraging  posture,  they  pulled  their  doors 
shut  (without  drastically  changing  their  posture) 
with  the  claws  of  legs  I (and  perhaps  the  pedi- 
palps  and/or  legs  II)  gripping  the  undersurface 
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of  the  door  edge  at  its  ventral  sector.  Both  spiders 
continued  to  hold  their  doors  shut  with  surpris- 
ing strength.  Presumably  this  behavior  evolved 
in  concert  with  the  comparatively  tough  and  thick 
door  and  entrance  rim  of  this  species  in  response 
to  selection  exerted  by  a particular  enemy  or  set 
of  enemies.  Defensive  door-holding  is  rather 
common  in  other  trapdoor  spider  taxa,  which 
sometimes  use  their  fangs  (especially  if  the  door 
is  thick)  instead  of,  or  in  addition  to,  the  pedipalp 
and  first  leg  claws  (Coyle  et  al.  1992). 

When  a collector  excavates  an  Aliatypus  bur- 
row, the  spider  retreats  to  the  lower  end.  If  sec- 
ond instar  spiderlings  are  present,  they  also  re- 
treat and  cluster  around  and  below  the  female. 
During  the  latter  stages  of  excavation,  one  typ- 
ically finds  the  spider  backed  into  the  bottom  of 
the  burrow  presenting  the  same  aggressive  de- 
fensive posture  exhibited  by  other  antrodiaetids 
(Coyle  1971)  and  mygalomorphs  in  general  (Fig. 
49).  The  spider  faces  up  the  burrow,  tilts  its  ceph- 
alothorax  upward,  lifts  legs  I (and  perhaps  II), 
pedipalps,  and  chelicerae,  spreads  the  chelicerae 
apart,  and  extends  the  fangs.  If  prodded,  the  spi- 
der strikes.  In  this  defensive  maneuver  the  oth- 
erwise vulnerable  abdomen  would  seem  to  be 
protected,  but  the  effectiveness  of  this  defense 
remains  to  be  tested.  Our  observations  indicate 
that  adult  females,  especially  those  with  broods, 
are  more  likely  to  adopt  this  defense  and  to  em- 
ploy it  with  greater  intensity  than  adult  males 
and  juveniles.  However,  not  all  brooding  females 
exhibit  this  defense.  When  removed  from  its  bur- 
row, an  individual  either  attempts  to  run  away 
(not  as  fast  as  Aptostichus  but  faster  than  Both- 
riocyrtum)  or  remains  motionless  and  may  flex 
its  legs  under  its  body,  a behavior  which  facili- 
tates downslope  rolling. 

CONCLUSION 

We  agree  with  Wilson  (1992)  that  “the  major 
remaining  questions  of  evolutionary  biology  . . . 
have  to  do  with  selection  pressures  from  the  en- 
vironment as  revealed  by  the  histories  of  partic- 
ular lineages.  . Shifts  in  morphology,  physi- 
ology, and/or  behavior  which  allow  lineages  to 
enter  new  adaptive  zones  are  particularly  im- 
portant events  in  generating  biodiversity,  but  lit- 
tle is  known  about  the  course  these  shifts  take, 
the  conditions  which  foster  them,  or  the  mech- 
anisms involved.  The  natural  history  of  Aliaty- 
pus reveals  an  interesting  suite  of  adaptations  for 
life  in  the  seasonally  arid  Mediterranean  climate 


of  California  and  may  consequently  provide  some 
insight  into  adaptive  shifts. 

The  atypids,  which  are  currently  assumed  to 
be  the  sister  group  (or  part,  along  with  the  fun- 
nelweb  mecicobothriids,  of  the  sister  group)  of 
the  antrodiaetids  (Raven  1985;  Eskov  & Zon- 
shtein  1 990;  Coddington  & Levi  1991),  construct 
above-ground  tubular  {Atypus  and  Sphodros)  and 
collar-shaped  (Caiommata)  extensions  of  their 
burrow  lining  resembling  the  collar  and  turret 
entrances  of  Antrodiaetus  and  Atypoides  and  live 
in  mesic  habitats  (Van  Dam  & Roberts  1917; 
Gertsch  & Platnick  1980;  Schwendinger  1990). 
Consequently,  it  is  likely  that  Aliatypus  arose 
from  an  ancestor  which,  like  its  sister  group  {An- 
trodiaetus and  Atypoides),  had  collar-doors  and 
lived  in  mesic  habitats  of  the  Arcto-Tertiary  geo- 
flora. Aliatypus  may  have  arisen  during  the  Mio- 
cene as,  according  to  Axelrod  (1973),  the  Cali- 
fornia climate  became  dryer  and  elements  of  the 
Madro-Tertiary  geoflora  moved  north  into  this 
region  from  Mexico  to  replace  the  Arcto-Tertiary 
geoflora.  Alternatively,  Aliatypus  may  have  aris- 
en earlier  in  dry  areas  of  Mexico  and  expanded 
northward  to  California  with  the  Madro-Tertiary 
flora,  but  the  absence  of  any  Aliatypus  records 
from  Mexico  weakens  this  hypothesis. 

We  believe  that  a key  event  permitting  the 
proXo-Aliatypus  to  utilize  the  summer-drought 
habitats  of  California  that  were  apparently  large- 
ly outside  the  tolerance  limits  of  its  ancestors 
was  the  evolution  of  a trapdoor  entrance.  Al- 
though we  are  not  aware  of  any  experimental 
evidence,  there  is  a large  amount  of  circumstan- 
tial evidence  which  suggests  that  trapdoors  pro- 
vide a tighter  seal  and  therefore  protect  burrows 
from  dumess,  heat,  and  fires  more  effectively  than 
do  other  entrance  types  like  collar-doors  (Coyle 
1986a;  Main  1986).  Not  only  would  we  expect 
the  closed  Aliatypus  trapdoor  to  seal  in  moisture 
better  than  the  collapsed/folded  plesiomorphic 
collar-door,  but  we  also  suggest  that  less  moisture 
loss  occurs  during  foraging  periods  from  a trap- 
door entrance,  which  is  only  cracked  open  while 
the  spider  waits  for  prey  and  automatically  shuts 
after  a capture,  than  from  a collar  entrance,  which 
is  wide  open  while  the  spider  waits  and  often 
remains  open  for  awhile  after  prey  capture.  By 
using  appropriate  equipment  to  measure  water 
loss  and  temperatures  (Pulz  1987;  Humphreys 
1987)  in  Aliatypus  and  Antrodiaetus  burrows  in 
nature  and  in  the  lab,  these  hypotheses  could  be 
tested  rigorously  in  the  manner  of  Coddington’s 
(1988,  1990)  homology  approach  and  Baum  and 
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Larson’s  (1991)  phylogenetic  methodology.  In  an 
environment  with  long  dry  seasons,  occasional 
episodes  of  extreme  drought,  and  periodic  fires, 
the  reduced  foraging  efficiency  of  trapdoor  en- 
trances is  probably  more  than  compensated  for 
by  their  heightened  protection.  We  agree  with 
Mayo  (1988),  based  on  her  study  of  door  con- 
struction behavior,  that  the  evolution  of  this 
trapdoor  from  a collar-door  in  the  ptoXo-Alia- 
typus  probably  involved  a simple  genetic  change 
affecting  an  orientation  control  center  in  the  ner- 
vous system.  In  other  words,  the  putatively  cru- 
cial evolutionary  change  in  this  major  adaptive 
shift  into  an  arid-adapted  trapdoor  niche  was, 
we  suspect,  surprisingly  quick  and  easy.  It  should 
be  mentioned  that  the  reverse  change,  the  evo- 
lution of  a collar  entrance  from  a trapdoor  en- 
trance, should  be  just  as  easy,  and  has  probably 
occurred  in  one  mygalomorph  group  or  another 
(Coyle  1986a;  Coyle  et  al.  1992),  but  unless  the 
concept  of  the  antrodiaetid  sister  group  changes 
to  one  that  constructs  trapdoors,  the  most  prob- 
able polarity  in  the  antrodiaetids  is  collar  to  trap- 
door. 

Judging  from  the  natural  history  of  its  closest 
relatives  (Coyle  1971),  we  suggest  that  this  adap- 
tive pioneer,  the  first  trapdoor  building  Aliaty- 
pus,  was  partly  preadapted  for  coping  with  arid- 
ity; it  excavated  deep  burrows,  it  was  able  to 
survive  without  food  for  long  periods,  male 
emergence  was  triggered  by  wet  weather,  and  it 
was  long-lived  and  iteroparous.  In  addition  to 
the  evolution  of  a trapdoor,  other  adaptive  be- 
havioral changes  which  probably  occurred  dur- 
ing the  adaptive  shift,  and  which  set  Aliatypus 
apart  from  its  sister  genera,  include  1)  greater  use 
of  entrance  sealing,  particularly  the  use  of  silk 
plus  soil  plugs,  2)  a tendency  to  line  the  burrow 
either  with  more  silk  or  packed  soil  casing,  3) 
constructing  the  egg  sac  in  the  bottom  of  the 
burrow,  4)  a shift  in  the  mating  season  from  late 
summer  and  early  fall  to  late  fall  or  winter,  and 
5)  a shift  to  earlier  spiderling  dispersal  (from 
spring  to  winter).  Every  one  of  these  changes  was, 
like  the  evolution  of  a trapdoor,  probably  the 
result  of  selection  for  avoidance  of  desiccation 
and  heat  stress  during  the  long  dry  summers  of 
California’s  Mediterranean  climate.  And  all  of 
these  changes  appear  to  involve  simple  quanti- 
tative shifts  in  duration,  intensity,  orientation, 
or  timing  of  preexisting  behaviors.  While  sharing 
most  of  its  arid-adapted  traits  with  the  well-stud- 
ied arid-adapted  aganippine  idiopid  trapdoor 
spiders  of  western  Australia  (Main  1957,  1976, 


1987),  Aliatypus  does  lack  one  notable,  appar- 
ently arid-adapted,  aganippine  trait,  very  large 
eggs. 

Within  the  Aliatypus  lineage,  geographic  vari- 
ation and  speciation  have  probably  been  facili- 
tated by  low  vagility  and  the  complex  shifting 
mosaic  of  climates  and  habitats  which  has  been 
an  important  cause  of  California’s  high  biodi- 
versity. This  particularly  low  vagility  may  be 
largely  a consequence  of  no  aerial  dispersal  and 
the  burrow-bound  life  style  of  these  spiders.  It  is 
noteworthy  how  similar  the  geographic  distri- 
bution pattern  of  Aliatypus  species  is  to  that  of 
other  Californian  taxa  with  low  vagility  and  fos- 
sorial  winter-active  life-styles,  like  the  salaman- 
ders of  the  genus  Batrachoceps  (Yanev  1980). 
The  minor  adaptive  radiation  within  Aliatypus 
has  generated  a set  of  species  adapted  to  a con- 
siderable range  of  habitat  types  and  climates. 
Some  species  {A.  plutonis,  A.  torridus,  A.  gulosus, 
and  A.  thompsoni)  have  invaded  particularly  dry 
habitats,  others  {A.  janus  and  A.  isolatus)  have 
adapted  to  high  elevation  cold  winter  habitats, 
and  the  smallest  bodied  species  {A.  gnomus,  A. 
aquilonius,  and  A.  trophonius)  seem  to  have  spe- 
cialized in  the  most  mesic  (but  still  summer-dry) 
habitats.  This  is  only  a beginning  of  what  needs 
to  be  known;  many  of  the  morphological,  phys- 
iological and  behavioral  traits  which  explain  the 
fitness  advantages  of  these  species  in  these  par- 
ticular habitats  will  not  be  apparent  without  fur- 
ther study. 

We  have  proposed  in  this  paper  many  hy- 
potheses about  the  functions  of  such  traits;  they 
all  require  testing.  Many  questions,  like  the  few 
which  follow  and  others  posed  earlier,  beg  further 
study:  1)  Why  are  some  burrow  design  features, 
like  mode  (and  thickness)  of  entrance  sealing, 
highly  plastic  within  species,  while  others,  like 
adult  female  door  shape,  not  so  variable?  2)  Does 
small  body  size  - which  has  apparently  evolved 
three  different  times  in  the  genus  (Coyle  1994) 
and  should  be  a handicap  in  dry  habitats  and 
tends  to  reduce  clutch  size  - boost  fitness  by 
reducing  the  age  at  reproduction  and  thus  the 
likelihood  of  reproducing?  3)  Have  no  foraging 
specializations  (which  would  reduce  niche  over- 
lap) evolved  in  any  of  these  species,  and,  if  not, 
could  this  be  a key  reason  why  syntopy  of  Al- 
iatypus species  is  rather  rare?  We  believe  that 
three  key  aspects  of  the  biology  of  all  Aliatypus 
species  are  particularly  worthy  of  immediate 
study:  1)  geographic  and  habitat  distribution,  2) 
courtship  and  mating,  and  3)  life  cycle.  We  invite 
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others  to  continue  the  study  of  these  remarkable 
spiders. 
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RESEARCH  NOTE 

A NON-NATIVE  SPIDER,  METALTELLA  SIMONI, 
FOUND  IN  CALIFORNIA  (ARANEAE,  AMAUROBIIDAE) 


The  amaurobiid  spider  Metaltella  simoni 
(Keyserling  1878),  a native  of  Uruguay  and  Ar- 
gentina, was  introduced  into  the  southeastern 
United  States,  where  specimens  were  first  cap- 
tured in  Louisiana  in  1944;  and  it  has  since  be- 
come fairly  common  both  there  and  in  Missis- 
sippi (Leech  1971,  1972).  Additional  records  of 
this  spider  have  been  made  in  Florida  and  North 
Carolina  in  the  USA  and  in  Alberta,  Canada 
(Leech  & Steiner  1992).  Here  we  report  the  find- 
ing of  mature  specimens  of  this  spider  in  south- 
ern California, 

Fourteen  Metaltella  simoni  spiders  were  col- 
lected on  the  campus  of  the  University  of  Cali- 
fomia-Riverside  between  1 1 June  and  2 Septem- 
ber 1994.  Ten  mature  males  were  collected  in 
the  basement  or  around  the  perimeter  of  the  En- 
tomology building:  three  live,  one  dead,  two  be- 
ing fed  upon  by  other  spiders  [Steatoda  grossa 
(Koch)  (Theridiidae)  and  Holocnemus  pluchei 
(Scopoli)  (Pholcidae)]  and  four  desiccated  sam- 
ples from  the  web  of  a single  black  widow  spider, 
Latrodectus  hesperus  Chamberlin  and  Ivie 
(Theridiidae).  Four  specimens  were  taken  2 km 
from  this  site  at  the  Agricultural  Research  Sta- 
tion. They  consisted  of  one  mature  of  each  sex, 
an  immature  male  which  molted  to  the  penul- 
timate stage  in  captivity  before  dying  (all  cap- 
tured alive)  and  one  female  that  was  consumed 
as  prey  by  a black  widow  spider.  A remarkable 
aspect  is  that  in  an  approximate  1 1 -week  period, 
14  spiders  (13  mature),  heretofore  unknown  from 
California,  were  captured;  and  mostly  the  col- 
lection process  was  one  of  incidental  discovery 
as  opposed  to  a deliberate  search.  Therefore,  it 
would  not  be  surprising  if  Metaltella  simoni  is 
already  firmly  established  in  the  Riverside  area. 

Metaltella  simoni  is  most  likely  spread  as  a 
result  of  human  commerce  (Leech  & Steiner 
1992).  The  finding  of  this  species  in  southern 
California  is  mostly  of  academic  interest  as  it  is 
rare  for  humans  to  suffer  deleterious  effects  of 
venom  from  any  amaurobiid  (although  it  is  not 
unknown,  see  Konig  1972). 

These  amaurobiid  spiders  are  distinguished 


from  other  confamilials  in  North  America  in  that 
Metaltella  has  5 or  6 teeth  on  the  pro-  and  re- 
tromargin  of  the  fang  furrow  whereas  natives  have 
fewer.  Additionally,  they  differ  markedly  in  that 
the  male  Metaltella  palpal  tibia  has  small  pro- 
cesses (Leech  1972,  Fig.  194,  195)  whereas  most 
North  American  male  amaurobiids  have  rather 
large  and  ornate  (bordering  on  flamboyant)  tibial 
processes.  The  lateral  margins  of  the  female’s 
epigynum  each  have  a slender,  posterio-medially 
directed  process  (“tooth”  in  Leech  1972,  Fig. 
390)  which  terminates  in  a small  knob;  this  is 
unlike  any  North  American  confamilial. 

Initial  species  identification  was  corroborated 
by  Dr.  N.  Platnick  of  the  American  Museum  of 
Natural  History.  All  specimens  are  housed  in  the 
R.  S.  Vetter  collection  at  the  University  of  Cal- 
ifomia-Riverside.  We  thank  Dr.  C.  Griswold  and 
Saul  Frommer  for  comments  on  an  early  draft 
of  the  manuscript. 
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